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Ó,Ô½Õ�Ö�Ö |$×Ø×�Ù½u¯Ú�uGÛ$|£×���Ü Õ Ù�|�ÝÞÝ�×�|£��×�u�ß<Âv| Õ ß�à�áBÙ�|#ÝØ��u�wGu Õ ×�y{âäã���u�Ý�u Õ ×�u�ß¦xz×�Ýnå���Ý�×
ã½Ù�â Ý�x}wGÝÞ��u�Ý Ô y.×�Ýçæ.»Gè Ô Ý�x Õ Áéß½|$×�|ê��u�wGÜ���ß u�ßë|£×V×�Ù½u Õ uGìíwfu Õ ×�uG�VÜ£îðï(|#Ý�Ýµu Õ uG��Á�âéÜ£î
»�ñ ò�óµÚ�uGôh� Ö&Õ ×�Ù½x}ÝFã�|�ã�u���Â Ö Ý Ô ï(ï2|£��xzõ�uh��u�wGu Õ ×F��u�Ý Ô y.×�Ý�Ü Õ ×�Ù�u2ã½��Ü ß Ô w'×�x{Ü Õ Ü�î�È�uG×�Ý�Â
ö | Õ ßø÷ù��Ü�Ý�Ü Õ Ý�Â½×�Ü#ãlú Ô |£��û ÝGÂ�| Õ ßVÜ Õ Ý�u�|���w�Ù�u�Ý"îüÜ#�,×�Ù½uhÄ?x{Á�Á�Ý?�©Ü#Ý�Ü Õ | Õ ßVã�Ù�â Ý�x{w�Ý
�©uGâ�Ü Õ ßç×�Ù½uV¹�×�| Õ ß½|£��ßþýRÜ ß uGy8� ¸ Ý�uGã�|£��|$×�unã½��u�Ý�u Õ ×�|$×�xzÜ Õ æ ÿ�è"Ü Õ ×�Ù�uµÝ�×�|£× Ô ÝðÜ£î,×�Ù½u
Ú�uGÛ$|$×���Ü Õ |�w�wfuGy{uG��|$×�Ü�� | Õ ß2×�Ù½uFt_à��þ| Õ ßnà*á ß uf×�u�wf×�Ü���Ý_ß uf×�|£x{y{Ýv×�Ù�u³ã©uG��îüÜ���ï2| Õ wGu�Ü£î
×�Ù�u"à*á�ß½uf×�u�w'×�Ü���Â�ì,Ù�x{w�Ùhx{Ý Õ Ü£×[x Õ wfy Ô ß u�ßðx Õ ×�Ù½x{Ý5ì,��xz×�u Ô ã�� Ö&Õ |�ß½ß xz×�x{Ü Õ Â Ö ì,xzy{y ã½��u�Ý�u Õ ×
ã½��Ü#Ý�ã�u�w'×�Ý_îüÜ��,Ù½x{Á�Ù����çã½Ù�â Ý�x{w�Ý,|$×"×�Ù½uFÚ�uGÛ$|£×���Ü Õ �

� �vÌ½Ð�Ï³Ò	��
þÎ
�����<Ì��øÍ�Î"Ï³Ð�Ñ©Ì½Ò�ÎvË

¸ ×\×�Ù½unÚ�uGÛ$|$×���Ü Õ u Õ u���Á#xzu�ÝGÂ�×�Ù½uµß Ü�ï(x Õ | Õ ×\ã½��Ü wfu�Ý�Ý\x Õ � �äwfÜ#yzy{x}Ý�x{Ü Õ ÝFx{Ý?È�uf×ðã���Ü ß Ô wfÇ
×�x{Ü Õ ����xz×�Ù½x Õ ×�Ù½uFîü��|£ï(uGì_Ü���ûnÜ�î��*t_à\Â©x Õ uGy}|�Ý�×�x}wFÝ�w�|$×�×�uG��x Õ ÁØ�©uf×�ì_uGu Õ |Øã½��Ü�×�Ü Õ | Õ ß
| Õ | Õ ×�xzã���Ü�×�Ü Õ w�| Õ ��uµß u�Ý�wf��x{��u�ß^|#ÝF| Õ u�y{|#Ý�×�x{w2wGÜ�y{yzx}Ý�xzÜ Õ �©uf×�ì_uGu Õ |RÝ�x Õ Á#yzuØã���Ü�×�Ü Õ
wfÜ Õ Ý�×�xz× Ô u Õ ×2| Õ ß |¯Ý�x Õ Á�y{uÞ| Õ ×�xzã���Ü�×�Ü Õ wfÜ Õ Ý�×�x.× Ô u Õ ×��[Ú"Ù½u�Ý�uµwfÜ Õ Ý�×�x.× Ô u Õ ×�Ýh|���uµwG|�yzy{u�ß
ã�|���×�Ü Õ Ý�� ¸ î�×�uG�³×�Ù�uðwfÜ#yzy{x}Ý�x{Ü Õ Â�×�Ù½uhÜ Ô ×�Á�Ü#x Õ Á2ã�|£��×�Ü Õ Ý?ï2| Õ x.îüu�Ý�×³×�Ù½u�ï(Ý�uGy{Û�u�Ý�|#Ý�y{Ü wG|£yzÇ
x{õGu�ßéÝ�×���u�|�ï(ÝØÜ£î*ã�|£��×�x}wfy{u�Ý(��ufîüu�����u�ßä×�Ü |�Ý���È�uf×�Ý��½�vÚ"Ù½uGÜ#��uG×�x}wG|£y�ã½��u�ß x}w'×�x{Ü Õ Ý(îüÜ��*È�uG×
ã½��Ü ß Ô w'×�xzÜ Õ |£��upÁ#xzÛ#u Õ ��âØ×�Ù�u*îüÜ�y}ß x Õ Á2Ü£îS×�Ù½u*ã�|£��×�Ü Õ Ý�wG|£×�×�u���x Õ Á2wf��Ü#Ý�Ý,Ý�u�w'×�xzÜ Õ Ý"ì,xz×�Ù
u�� ã©uG��xzï(u Õ ×�|£y{yzâ¯ß uf×�uG��ïhx Õ u�ß¯ã�|£��×�Ü Õ ß u Õ Ý�xz×�âlî Ô�Õ w'×�xzÜ Õ Ý���ã©ß�î�� Ý! '�5Ú"Ù½u�Ý�u(ã½��u�ß x}w'×�xzÜ Õ Ý
Ù�|�Û#u[��u�wfu Õ ×�yzâ³xzï(ã½��Ü$Û�u�ß³ì,xz×�Ù Õ u���×	"�×�Ü#"�y{u�|�ß½x Õ Á"Ü#��ß u��
�%$³À'&( ��*t_àäÝ�w�|$×�×�uG��x Õ Á?wG|�y{w Ô Ç
y}|$×�x{Ü Õ Ý�æ ¼ Â#Ã�Â�¿�è<| Õ ß Õ uGì*Â�|�w�w Ô ��|$×�uGy{â\ï(u�|#Ý Ô ��u�ßhã¶ß�î)� Ý�æ ó Â½Å�è ��¹ Ü�ï(u?Ü£î<×�Ù½u�ú Ô u�Ý�×�xzÜ Õ Ý
×�Ù�|$×pw�| Õ �©uð|#ß½ß ��u�Ý�Ý�u�ßVì,x.×�ÙøÝ�× Ô ß x{u�Ý³Ü£î<È�uG×³ã½��Ü ß Ô w'×�xzÜ Õ |£��u�×�u�Ý�×�x Õ ÁnÜ£î
$³À'&*�*t_àðÂ
u���×���|#w'×�x{Ü Õ Ü�î�ã©ß î)� Ý�Â ï(u�|#Ý Ô ��x Õ Á*×�Ù�u³Û$|£y Ô u³Ü£î<×�Ù�upÝ�×���Ü Õ ÁðwfÜ Ô ã½yzx Õ ÁhwfÜ Õ Ý�×�| Õ ×�+-,�Â | Õ ß
×�u�Ý�×�x Õ Á(ú Ô |���ûÞwfÜ�ï(ã©Ü#Ý�x.×�u Õ u�Ý�Ý��
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Ú"Ù½u�à*áäwfÜ�y{y}|£�©Ü���|$×�x{Ü Õ ï(u�|�Ý Ô ��u�Ý©×�Ù½u wfu Õ ×���|£y$x Õ wfy Ô Ý�xzÛ#u¶È�uf×�wG��Ü�Ý�Ý<Ý�u�wf×�x{Ü Õ x Õ � �FwfÜ#yzy{x{Ý�x{Ü Õ Ý
|$×*) +-, »#ñ ò#ó�Ú�u�ô Ô Ý�x Õ Á\| Õ x Õ ×�uGÁ���|$×�u�ß(y Ô ï(x Õ Ü#Ý�x.×�â(Ü£î�¼�Ã�ã½�/.<�$��Ú"Ù�u³x Õ wfy Ô Ý�xzÛ#u�ß Ü Ô Ç
�½y{u*ß x10¶uG��u Õ ×�x{|�y È�uf×�wG��Ü�Ý�Ý"Ý�u�w'×�xzÜ Õ w�| Õ �©u*u�� ã½��u�Ý�Ý�u�ßn|�Ý�º

2�3�4%5 � 2�6 ��287  �, ��9;:8<>=  5 �@?8A 6 � A 7CBEDF28G  
ì,Ù½u���uH9I:�<>=�x}ÝS×�Ù�u"×�Ü£×�|£y Õ�Ô ïð��u��[Ü£î�È�uf×�Ý5Ü���Ý�uG��Û�u�ßFx Õ |�wGuG��×�|£x Õ È�uf×[×���| Õ Ý�Û#uG��Ý�u_u Õ u���Á#â6 � �½x Õ ÂJ?,x{Ý�×�Ù�u_Ý�uGy{u�wf×�x{Ü Õ u�KØwfx{u Õ wGâ�Â!A 6 � x}Ý�×�Ù½u_�½x Õ ì,x}ß�×�Ù�Â8A 7 x}Ý�×�Ù½u_ã�Ý�u Ô ß½Ü���|£ã½x}ß�Ç
xz×�â2��| Õ Á�upwfÜ Õ Ý�x}ß uG��u�ß�Â�| Õ ßML DF28G x}Ýv×�Ù½u�x Õ ×�uGÁ#��|£×�u�ß2y Ô ïhx Õ Ü�Ý�xz×�âØ|�Ý�Ý�Ü wGx{|£×�u�ßØì,x.×�Ùn×�Ù½u
ß½|£×�|(Ý�uG×���Ú"Ù�u�wG��Ü�Ý�Ý,Ý�u�wf×�x{Ü Õ x{Ý?ïhu�|�Ý Ô ��u�ßØx Õ ×�Ù½u*ã�Ý�u Ô ß Ü���|£ã�x{ß xz×�âØx Õ ×�uG��Û$|£y�N 7 NPOäÆ�ñ ¿½�
�SxzÁ Ô ��un»ðÝ�Ù½Ü$ì?Ý�×�Ù½uhx Õ wfy Ô Ý�xzÛ#u?È�uf×FwG��Ü�Ý�Ý³Ý�u�w'×�x{Ü Õ |�Ý³ïhu�|�Ý Ô ��u�ßVîü��Ü�ïJà*á ß½|$×�|nwGÜ�ïhÇ
ã�|���u�ß2×�Ü $�À-& �*t_à æ ¾$è �½Ú"Ù½uRQ�uG×"~ Õ uG��Á�âØ¹ w�|£y{u Ô�Õ wfu���×�|£x Õ ×�â(Ü�îS|£ã�ã½��Ü1� x{ï2|$×�u�yzâ2ò&S
�©uGy{Ü$ì ÿ£Æ�Æ(�puGôhÂ<| Õ ßR×�Ù½uµ»�Æ&S Ô�Õ wfu���×�|£x Õ ×�âVÜ Õ ×�Ù½uhy Ô ï(x Õ Ü�Ý�xz×�â Õ Ü���ï2|£y{xzõ�|$×�xzÜ Õ Â�|���u
Õ Ü�×"x Õ wGy Ô ß½u�ßµx Õ ×�Ù½u*ã½y{Ü£×��

Jet Transverse Momentum [GeV / c]
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-1 = 34 pbIntDØ RunII Data, L
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TE

 = Fµ = Rµ = 1.3,  sepNLO CTEQ6M,  R

DØ Run II preliminary

Cone Algorithm
 = 0.7coneR

 | < 0.5η| 

Inclusive Jet Cross Section

T ��U
�8�"� Ö&Õ wGy Ô Ý�x{Û�u�È�uf×(wf��Ü#Ý�Ý*Ý�u�w'×�xzÜ Õ x Õ ×�Ù½unwfu Õ ×���|£y���|£ã½x}ß xz×�âø��uGÁ#xzÜ Õ ã�yzÜ�×�×�u�ßçÛ�u���Ý Ô Ý
È�uf× 6 � �½Ú"Ù½uFß�|$×�|hã©Ü�x Õ ×�Ý?|���u�Ý�Ù�Ü$ì Õ ì,xz×�ÙRÝ�×�|$×�x{Ý�×�x}wG|�y Ô½Õ wGuG��×�|£x Õ ×�x{u�Ý�Â½| Õ ßVwGÜ�ï(ã�|£��u�ß
×�Ü $³À'& �*t_à ã½��u�ß x}w'×�x{Ü Õ ì,xz×�Ùøt_Ú,~��pó#ý ã¶ß�î��
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à*áíï(u�|�Ý Ô ��u�Ýn×�Ù½uµÈ�uG×Vã���Ü ß Ô wf×�x{Ü Õ wf��Ü#Ý�ÝnÝ�u�w'×�xzÜ Õ îüÜ#�µu�Û�u Õ ×�Ýµì,x.×�Ùë×�ì_ÜøÈ�uG×�ÝV|�ÝV|
î Ô½Õ wf×�x{Ü Õ Ü£î�×�Ù½upß½x È�uG×"x Õ Û$|£��x{| Õ ×_ï2|�Ý�ÝGÂ Ô Ý�x Õ Á(¼£Ã�ã½� .<� Ü£î�ß½|£×�|\×�|�û�u Õ x Õ � �VwfÜ�y{y{x{Ý�xzÜ Õ Ý
|$×C) +-,¡»�ñ ò�ó�Ú�uGôh�½Ú"Ù½u³��u�Ý Ô yz×,x{Ý"Ý�Ù½Ü$ì Õ x Õ �Sx{Á Ô ��u*ÿ � Ú"Ù½u*à�á¡ß½|$×�|\x}Ý"Ý�Ù�Ü$ì Õ ì,xz×�Ù
×�Ù�uÞ×�Ü£×�|£y?Ý�×�|$×�x{Ý�×�x}wG|�y,ã½y Ô Ý2Ý�â Ý�×�u�ï(|£×�x}wG|�y Ô�Õ wfu���×�|£x Õ ×�xzu�Ý2|�ß½ß½u�ßäx Õ ú Ô |�ß ��|$× Ô ��u��[Ú"Ù½u
»�Æ&S Ô�Õ wfu���×�|£x Õ ×�âµÜ Õ ×�Ù½uhy Ô ïhx Õ Ü�Ý�xz×�â Õ Ü���ï(|�yzx{õ�|£×�x{Ü Õ x}Ý�u)�½wfy Ô ß u�ß�� $³À'&*�*t_à æ ¾£èSx}Ý
x Õ Á#Ü�Ü�ßµ|£Á#��u�uGï(u Õ ×"ì,x.×�Ùµ×�Ù½uFß½|£×�|��
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-1 RunII, L=34 pb

=1.3sep NLO CTEQ6, R
max
T = 0.5 ERµ = Fµ 

DØ Run II preliminary

T ��U
�J��� à³x È�uG×(wG��Ü�Ý�Ý\Ý�u�w'×�x{Ü Õ |�Ý\|lî Ô½Õ wf×�x{Ü Õ Ü�î,×�Ù½uµß x È�uG×hx Õ Û$|£��x{| Õ ×ðï(|#Ý�Ý���àp|$×�|ø|���u
Ý�Ù½Ü$ì Õ ì,xz×�Ùµ×�Ù½uFÝ�×�|$×?| Õ ßµÝ�â Ý�×,u�����Ü���Ýv| Õ ßVwfÜ#ïhã�|£��u�ß2×�Ü $�À-& �*t_àð�

� �vÌ½Ð�Ï³Ò	��
þÎ
�	� ��Ñ©Ì Î�Í�
çÎ

�Î Ë �øÍ½Î,Ï³Ð�Ñ©Ì½Ò�Î Ë
ö | Õ ß^÷Y�©Ü#Ý�Ü Õ Ý�Â�×�Ù½u2wG|�����x{uG��Ý?Ü£î ×�Ù½u(ì_u�|£ûVîüÜ#��wGu�Â¶|£��uhß½xz��u�wf×�y{âRã½��Ü ß Ô wfu�ßøx Õ Ù½x{Á�Ù
u Õ uG��Á�â � �(wfÜ#yzy{x{Ý�x{Ü Õ Ý5|$×S×�Ù�u ��uG��ï(xzy}|£�hÚ�u�Û�|£×���Ü Õ � Ö&Õ |�ß½ß½x.×�xzÜ Õ ×�Üpã½��Ü��½x Õ ÁpuGy{u�wf×���Ü$ìvu�|£û
ã½Ù�â Ý�x}wGÝ�Â ×�Ù½u\Ý�× Ô ß âµÜ£î5×�Ù½uFã½��Ü ß Ô w'×�xzÜ Õ Ü£î ö | Õ ßl÷ �©Ü#Ý�Ü Õ Ý,ã½��Ü$Û�x}ß u�Ý,| Õ |�Û�u Õ�Ô up×�Ü
u�� ã½y{Ü���u �*t_àðÂ¶×�Ù�uð×�Ù½uGÜ#��âRÜ�î_Ý�×���Ü Õ ÁÞx Õ ×�uG��|�w'×�xzÜ Õ Ý��<¹ x Õ wGuh×�Ù½u2Ý�×�|£��×�Ü£î Ó,Ô�Õ^Ö�Ö Â�à�á
Ù�|#Ý\wfÜ#yzy{u�wf×�u�ßþy{|���Á#u Õ�Ô ï\�©uG��ÝFÜ�î ö | Õ ßê÷ �©Ü#Ý�Ü Õ Ý�ÂS��Ü�×�Ù x Õ ×�Ù�uGx{�hu�yzu�w'×���Ü Õ x{wn| Õ ß
ï Ô Ü Õ x}w�ß u�w�|�ânw�Ù�| Õ�Õ uGy}ÝG�½Ú"Ù�u�Ý�uFÝ�|�ïhã�yzu�Ý"Ù�|�Û�u��©uGu Õ Û#uG��â Ô Ý�ufî Ô y<×�Ü2��u Õ w�Ù½ï2|£��û2×�Ù½u
ã©uG��îüÜ���ï(| Õ wfupÜ£îS×�Ù�u Ô ã½Á���|�ß½u�ßnà*á ß uf×�u�w'×�Ü����

ÿ#Å Â ¼�Å$Æ ö
����� wG| Õ ß x}ß½|$×�u�Ý*|���u(Ý�u�yzu�w'×�u�ßøîü��Ü#ïBÃ�ÿØã½�/.��ðÜ£î_ß�|$×�|µ��âl��u�ú Ô x{��x Õ Á
Ü Õ u2x{Ý�Ü�y}|$×�u�ßçuGy{u�wf×���Ü Õ ì,xz×�Ù 6 ��� ÿ#¿R�puGôhÂ N 7 N O »�ñ{»�ÂS| Õ ß��6 ��� ÿ#¿R�puGôh�v»#»�¼�ò
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÷ � ��� � . w�| Õ ß½x{ß½|£×�u�ÝØ|£��ulÝ�u�yzu�w'×�u�ßäîü��Ü#ï ×�Ù½uøÝ�|£ï(ulß½|£×�| Ý�uf×Ø��â¦��u�ú Ô xz��x Õ Á¯×�ì_Ü
x}Ý�Ü#y{|£×�u�ßnuGy{u�wf×���Ü Õ Ý"ì,xz×�Ù 6 � � ÿ�¿��puGôhÂ
N 7 NPO »#ñz»#Â½| Õ ßµ|(ß x{uGy{u�w'×���Ü Õ x Õ Û$|£��x{| Õ ×"ï2|�Ý�Ý
x Õ ×�Ù½u³��| Õ Á�u³Å£Æ*�puGô Oäï����CO »�»�Æ��puGôh� Ö&Õ Ü���ß uG� ×�ÜFx Õ wG��u�|�Ý�u,×�Ù½upÝ�×�|$×�x{Ý�×�x}wGÝ x Õ ×�Ù½x}Ý
Ý�|£ï(ã½y{u�Â Õ Ü?×���|�w�û?ï2|$×�w�Ù*x{Ý���u�ú Ô xz��u�ß³×�Ü,uGxz×�Ù½u���uGy{u�wf×���Ü Õ ����x{Á Ô ��u�¼?Ý�Ù½Ü$ì?Ý¶×�Ù½u�x Õ Û�|���x}| Õ ×
ï2|�Ý�Ý,ß x}Ý�×���x{� Ô ×�xzÜ Õ îüÜ#�"×�Ù½uð÷ � ��� � . wG| Õ ß x{ß�|$×�u�Ý �üy{ufî�×? 'Â�| Õ ßÞ×�Ù½u�×���| Õ Ý�Û�uG��Ý�u�ï2|�Ý�Ý
ß x}Ý�×���x{� Ô ×�xzÜ Õ îüÜ#�,×�Ù�u ö � � � wG| Õ ß x}ß½|$×�u�Ý �ü��x{Á�Ù�×! f�
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DZero Run II Preliminary

T ��U
���%� Ú"Ù½u¡å�Á Ô ��u¡Ü Õ ×�Ù½uYyzuGî�×:����x{Á�Ù�×! Ý�Ù�Ü$ì?Ý�×�Ù�uYß x{uGy{u�wf×���Ü Õ x Õ Û$|���x}| Õ ×ëï2|�Ý�Ý
�üu�yzu�w'×���Ü Õ	� �6 �¦x Õ Û$|£��x{| Õ ×�ï2|#Ý�Ý! ³îüÜ��*Ã�ÿnã��/.<�hÜ�î Ó?Ô½ÕçÖ�Ö ß½|$×�|½��Ú"Ù½u2ã©Ü�x Õ ×�ÝF|���uh×�Ù½u
��|#w�û�Á#��Ü Ô½Õ ßlÝ Ô � ×���|#w'×�u�ßøß�|$×�|�Â�| Õ ßl×�Ù½u2Ù�x{Ý�×�Ü#Á���|£ïrx{Ýp×�Ù½u2ýRÜ Õ ×�uØt_|���y{Ünã���u�ß x{wf×�x{Ü Õ
îü��Ü�ï · â#×�Ù½x}|µæ ò$è �

Å�Â ¼#¿#ÿ ö ��
 � w�| Õ ß x}ß½|£×�u�Ý,|���u*Ý�uGy{u�wf×�u�ßÞîü��Ü�ï |2Ý Ô ��Ý�|£ï(ã½y{u�Ü£î"»�Å³ã½��.<�³Ü£î[ß½|£×�|
��âð��u�ú Ô x{��x Õ Á�Ü Õ u?x}Ý�Ü#y{|£×�u�ßhï Ô Ü Õ ì,xz×�Ù � � � ÿ�Æ*�puGôhÂ"N 7 N O »#ñ ó�Â#| Õ ß �6 � � ÿ�Æ*�puGôh�
»�¿�¾#¿Ø÷ ��
��

 . wG| Õ ß x{ß�|$×�u�Ý³|���uðÝ�u�yzu�w'×�u�ßRîü��Ü�ïJ|nÝ Ô ��Ý�|£ï(ã½y{u\Ü�îv¼#ÿðã½��.<�FÜ£î ß½|£×�|
��âä��u�ú Ô x{��x Õ Á ×�ìvÜþÜ#ã½ã�Ü�Ý�xz×�u�yzâ�Ç&w�Ù�|£��Á�u�ß¦ï Ô Ü Õ ÝØì,xz×�Ù � � � »�¿é�puGôhÂRN 7 N���»�ñ ó½Â_| Õ ß
�(A��  3 , �(A��	���� 3 � �(A 7 ���  3�� Ã�ñ Æ½� ¸ ×pyzu�|�Ý�×³Ü Õ uFï Ô Ü Õ ì"|�Ý���u�ú Ô xz��u�ßµ×�ÜÞ|£ã�ã�u�|£�
x}Ý�Ü#y{|£×�u�ßl��Ü�×�Ùøx Õ ×�Ù½u(wG|£y{Ü���x{ïhuG×�u��³| Õ ßRx Õ ×�Ù½u2wGu Õ ×���|£y�×���|�w�û�u����©Ú�ÜÞu Õ Ý Ô ��uð|Þã½��Ü�ã©uG�
ï(Ü�ï(u Õ × Ô ï ß uf×�uG��ï(x Õ |£×�x{Ü Õ Â��©Ü£×�ÙÞï Ô Ü Õ Ý"|£��u?ï2|$×�w�Ù½u�ßØ×�Üð|hwfu Õ ×���|£y¶ß uf×�u�w'×�Ü��v×���|�w�û¶�
�SxzÁ Ô ��uhÃRÝ�Ù½Ü$ì?Ýp×�Ù�u2x Õ Û$|£��x{| Õ ×�ï2|#Ý�Ý*ß x}Ý�×���xz� Ô ×�x{Ü Õ îüÜ��*×�Ù½uÞ÷ ��
��

 . wG| Õ ß x{ß�|$×�u�Ý
�üy{ufî�×? 'Â©| Õ ßn×�Ù½u�×���| Õ Ý�Û�uG��Ý�u³ï2|�Ý�Ý"ß x}Ý�×���x{� Ô ×�xzÜ Õ îüÜ#�"×�Ù½u ö ��
 � wG| Õ ß x}ß½|$×�u�Ý ����x{Á�Ù�×! f�
� Ý�x Õ Ál×�Ù�u�Ý�uµw�| Õ ß x}ß½|£×�uÞÝ�|£ï(ã½y{u�Ý�Â�à*á ï(u�|#Ý Ô ��u�Ý*×�Ù�unã½��Ü ß Ô w'×�xzÜ Õ wf��Ü#Ý�Ý\Ý�u�wf×�x{Ü Õ

×�x{ï(u�Ý��½��| Õ w�Ù½x Õ Á?��|$×�xzÜ"îüÜ#� ö | Õ ß\÷ ��Ü�Ý�Ü Õ Ý�x Õ ×�Ù�uvu�yzu�w'×���Ü Õ | Õ ßp×�Ù�uvï Ô Ü Õ w�Ù�| Õ½Õ u�y{Ý�º
4 � � � � ö����  ������ ö � ���  �,ë¼#Æ#¿$Ã �ë»�Æ�Æ���Ý�×�|£×! ��ê¾�ó�� Ý�â Ý�×! !�ê¼�Æ#¿��üy Ô ï  Sã½�

4 � � � � ÷ �"�  ���� �8÷ � ���  �, ÿ£ò£Ã#�ë»�»P��Ý�×�|$×? �� ¾���Ý�â Ý�×? ��êÿ�ò��üy Ô ï  Sã½�4 � � � � ö$�"�  ������ ö ��
 �  �,ë¼�ÿ�ÿ£ó%�ë»�ÿ£¾���Ý�×�|£×! ��ë»�Æ�Æ���Ý�â Ý�×? &�ê¼#ÿ�¼���y Ô ï  �ã½�4 � � � � ÷ ���  ��'��� ÷ ��
!
  �, ÿ£ó�Ã �¦Å � Ý�×�|$×? ��ë»$Å � Ý�â Ý�×! !�êÿ�ó���y Ô ï  Sã½�
Ú"Ù½u_y{|���Á#u�Ý�× Ô½Õ wGuG��×�|£x Õ ×�â�x Õ ×�Ù½uvîüÜ Ô �Sï(u�|�Ý Ô ��uGï(u Õ ×�Ý�wGÜ�ï(u�Ý�îü��Ü#ï ×�Ù½u Ô½Õ wGuG��×�|£x Õ ×�â

x Õ ×�Ù½uVx Õ ×�u�Á���|$×�u�ß y Ô ï(x Õ Ü#Ý�x.×�â#Â5ì,Ù½uG��uµà*árx}Ý2Ý�×�x{yzy Ô Ý�x Õ Áø×�Ù½u Ó,Ô½ÕéÖ Û$|£y Ô uµîüÜ��h×�Ù½u
×�Ü�×�|�y � �Nã���Ü ß Ô wf×�x{Ü Õ wf��Ü#Ý�Ý³Ý�u�wf×�x{Ü Õ |£×�|ÞyzÜ$ì_uG�pwfu Õ ×�uG��Ü£îvï(|#Ý�Ý³u Õ uG��Á�â�� �^uðu)��ã©u�wf×
×�Ù�u¯y Ô ï(x Õ Ü#Ý�x.×�â¦×�Ü¦�©u¯��u�w�|£y}w Ô y}|$×�u�ßéîüÜ#�n×�Ù½u Ó?Ô½Õ Ö�Ö wfu Õ ×�uG�VÜ£îFï2|#Ý�ÝÞu Õ u���Á#â�| Õ ß
×�Ù�u Ô�Õ wfu���×�|£x Õ ×�âþ��u�ß Ô wfu�ßêx Õ ×�Ù½u Õ u�|£�hî Ô × Ô ��u#��Ú"Ù½u Õ uGì à�á ��u�Ý Ô y.×�Ýh|���uµx Õ Á#Ü�Ü ß
|£Á#��u�uGï(u Õ ×�ì,xz×�Ù*×�Ù½uv¹�×�| Õ ß�|£��ß*ýRÜ ß uGy�u�� ã©u�w'×�|$×�xzÜ Õ ÝGÂ�|�Ý�w�| Õ �©u Ü#��Ý�u���Û#u�ßpx Õ ��x{Á Ô ��uv¿½�
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DØ RunII Preliminary

T ��U
���
� Ú"Ù½u�å�Á Ô ��u�Ü Õ ×�Ù½uvyzuGî�×:����x{Á�Ù�×! �Ý�Ù�Ü$ì?Ý<×�Ù�uvß x{ï Ô Ü Õ x Õ Û$|���x}| Õ ×�ï2|�Ý�Ý
��ï Ô Ü Õ	� �6 �
x Õ Û$|���x}| Õ ×�ï2|�Ý�Ý! _îüÜ���¼#ÿ���»�ÅA "ã½�/.��*Ü�î Ó,Ô½ÕlÖ�Ö ß½|£×�|½�¶Ú"Ù½uðã�Ü#x Õ ×�Ýp|£��u*×�Ù½uhß�|$×�|�Â�wGÜ�ïhÇ
ã�|���u�ßR×�ÜR|µã�|���|�ïhuG×���x{whýRÜ Õ ×�unt_|£��yzÜVÝ�x{ï Ô y{|£×�x{Ü Õ �<ô�|���x{Ü Ô Ý�Ý�Ü Ô ��wfu�Ý�Ü�î_��|�w�û�Á���Ü Ô½Õ ß
|£��unx Õ ß x}wG|£×�u�ßêx Õ ×�Ù½u ö � 
 � ã½y{Ü£×�Â[ì,Ù½uG��uÞ×�Ù½uVy{xzÁ#Ù#×2�½y Ô uV��| Õ ß ��uGã½��u�Ý�u Õ ×�ÝF×�Ù½u
Ô½Õ wGuG��×�|�x Õ ×�â(îü��Ü�ï ×�Ù½uFß uG×�u�wf×�Ü#�?Ý�x{ï Ô y}|$×�xzÜ Õ x Õ ×�Ù½uFýlÜ Õ ×�u\t_|£��y{Üðã½��u�ß½x{wf×�x{Ü Õ �

Center of Mass Energy (TeV)
1

 B
r 

(p
b

)
× 

W
,Z

σ 10
2

10
3

RunII

RunI

DØ(e)

CDF(e)
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CDF(e)

UA1

)µDØ( 

)µCDF(

)µDØ( 

)µCDF(

UA2

 +Xν l → W+X → pp 

 ll +X→ Z+X → pp 

CDF and DØ RunII Preliminary

T ��U
����� ö ��� � | Õ ßä÷ ��� ��� . wf��Ü#Ý�Ý\Ý�u�w'×�xzÜ Õ |#Ý\|øî Ô½Õ w'×�xzÜ Õ Ü�î�wfu Õ ×�uG�hÜ£î?ï2|�Ý�Ý
u Õ uG��Á�âØ|�Ý"ï(u�|�Ý Ô ��u�ßn��ânà*á | Õ ßRt_à��_Â©wfÜ�ï(ã�|���u�ß2×�Üð×�Ù½u $ $³À'&¡ã½��u�ß x}w'×�xzÜ Õ æz»�Æ�è �
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� �vÌ½Ð�Ï³Ò	��
þÎ
���hÎ����"Ð��5Í
	��³Í½Î,Ï�Ð³Ñ©Ì Ò�Î Ë

¸ ×�Ú�uGÛ$|$×���Ü Õ u Õ u���Á#xzu�ÝGÂ�×�Ü�ãFú Ô |£��û Ý<|£��u[ã½��Ü�ß Ô wfu�ß³ã���u�ß Ü�ï(x Õ | Õ ×�y{â�x Õ ã�|�xz��ÝG� ¸ ×�yzu�|�ß x Õ Á
Ü���ß u���Â G G ã½��Ü ß Ô wf×�x{Ü Õ ã½��Ü wGuGu�ß�Ý_×�Ù½��Ü Ô Á#Ùn×�Ù½u
���� � G �G | Õ ß���� � G �G ã½��Ü wGu�Ý�Ý�u�ÝGÂ�ì,xz×�Ù
×�Ù�u�����¯ã���Ü wfu�Ý�Ý2wGÜ Õ ×���x{� Ô ×�x Õ Á ò#Æ�S ×�Üç×�Ù½ulã���Ü ß Ô wf×�x{Ü Õ wf��Ü#Ý�Ý2Ý�u�w'×�xzÜ Õ Â | Õ ßä×�Ù½u����
ã½��Ü wfu�Ý�Ý\wGÜ Õ ×���x{� Ô ×�x Õ Á¯Ü Õ y{â�»�Æ&SØ� Ö&Õ ×�Ù½uR¹�×�| Õ ß½|£��ß ýRÜ ß u�y ÂS×�Ù½un×�Ü�ãêú Ô |���ûþß u�wG|�â Ý
|£y{ï(Ü#Ý�×vu)� wGy Ô Ý�x{Û�u�yzâhx Õ ×�Üh| ö ��Ü�Ý�Ü Õ | Õ ßØ|��,ú Ô |���û¶��Ú"Ù½u ö ��Ü�Ý�Ü Õ ß u�w�|�â Ý x Õ ×�Ü\Ü Õ u
y{uGã ×�Ü Õ | Õ ßØxz×�Ý"|#Ý�Ý�Ü wfx}|$×�u�ß Õ u Ô ×���x Õ Ü�Â�Ü��_Ù�|�ß½��Ü Õ x{w�|£y{yzâ#� & Õ yzâ2u�yzu�w'×���Ü Õ Ý Ü#�vï Ô Ü Õ Ý"|���u
wfÜ Õ Ý�x{ß u���u�ßØx Õ ×�Ù½u*y{uGã ×�Ü Õ x}w*ß u�wG|�âØw�Ù�| Õ½Õ uGy}Ý��

�¯u_Ù�|�Û#uvwfy}|�Ý�Ý�x.å�u�ß�×�Ù�u G G ã�|£x{�Sß½u�wG|�â�w�Ù�| Õ½Õ uGy}ÝS|�Ý�îüÜ�y{yzÜ$ì?Ý�ºf×�Ù½u"ß xzy{uGã½×�Ü Õ w�Ù�| Õ�Õ uGy}Ý
ì,Ù½u���u"�©Ü£×�Ù ö ��Ü�Ý�Ü Õ Ý[ß u�w�|�âFy{uGã ×�Ü Õ x}wG|�yzy{âFx Õ ×�Ü*| Õ uGy{u�w'×���Ü Õ Ü#��|pï Ô Ü Õ � � � Â 
!
 Â �'
  fÂ
×�Ù�uðy{uGã ×�Ü Õ�� È�uf×�Ýpw�Ù�| Õ½Õ u�y{Ý³ì,Ù½u���uðÜ Õ uhÜ£î�×�Ù½u ö ��Ü�Ý�Ü Õ Ýpß u�w�|�â�Ý�yzu�ã ×�Ü Õ x}wG|£y{y{âl| Õ ß
×�Ù�u*Ü£×�Ù�uG�?Ù�|#ß ��Ü Õ x}wG|�yzy{â � � � È�uG×�Ý�Â 
 � È�uf×�Ý� fÂ�| Õ ßn×�Ù½uF|£y{yzÇzÈ�uG×�Ý?w�Ù�| Õ½Õ u�y�ì,Ù½uG��u*�©Ü£×�Ù ö
�©Ü#Ý�Ü Õ Ýpß u�w�|�âÞÙ�|�ß ��Ü Õ x}wG|�yzy{â��¶à*áYïhu�|�Ý Ô ��u�Ý�×�Ù½u G G ã½��Ü ß Ô w'×�xzÜ Õ wG��Ü�Ý�Ý³Ý�u�w'×�x{Ü Õ x Õ �A�
wfÜ#yzy{x}Ý�x{Ü Õ Ý5|£×[|*wGu Õ ×�u��5Ü£î¶ï(|#Ý�Ý5u Õ uG��Á�â*Ü�î/) + , »�ñ ò�ó�Ú�uGôëx Õ ×�Ù½u?ß½xzy{uGã ×�Ü Õ | Õ ßhy{uGã ×�Ü Õ
� È�uG×�Ý?w�Ù�| Õ½Õ u�y{Ý��½Ú"Ù½u�Ý�u*| Õ |£y{â�Ý�u�Ý"|���u*ß u�Ý�wG��x{��u�ßn�©uGy{Ü$ì*�

�
��� � ���(���
�  �
 ����� 


��&���
t_| Õ ß x{ß�|$×�u�u�Û�u Õ ×�Ý,|£��upÝ�uGy{u�wf×�u�ßÞ��âØ��u�ú Ô x{��x Õ Áh×�Ù½u�ã½��u�Ý�u Õ wfu�Ü£î�×�ìvÜ(x}Ý�Ü#y{|£×�u�ßÞy{uGã ×�Ü Õ Ý�Â
y}|£��Á�u �6 � | Õ ß |£×hy{u�|#Ý�×F×�ì_ÜØÈ�uG×�Ý�� �½Ü��\×�Ù½u ��� | Õ ß 
!
 | Õ |£y{â Ý�u�ÝGÂS|R×�xzÁ#Ù#×�uG�hw Ô ×(Ü Õ
�6 �¡x}Ýn|�ã½ã½y{xzu�ß�ì,Ù½u Õ ×�Ù½u¯x Õ Û$|£��x}| Õ ×Øï2|�Ý�ÝØÜ£î*×�Ù½ul×�ì_Ü y{uGã ×�Ü Õ Ýnx{Ýµwfy{Ü#Ý�uR×�Üþ×�Ù½uþ÷
�©Ü#Ý�Ü Õ ï2|#Ý�Ýpì,x Õ ß Ü$ì¡×�ÜÞ��u�ß Ô wfu(��|#w�û�Á#��Ü Ô½Õ ßVîü��Ü�ïr×�Ù½x}Ý*Ý�Ü Ô ��wGu�� Ö&Õ |�ß½ß xz×�x{Ü Õ Â�|Þw Ô ×
Ü Õ�� =px{ÝF|�ã½ã½y{xzu�ß<Â�ì,xz×�Ù � =R,�� � 6 � <>=� � 6"!�  '��Ú"Ù�unß Ü�ï(x Õ | Õ ×F��|#w�û�Á���Ü Ô½Õ ß¯wfÜ#ïhu�Ý
îü��Ü�ï ï Ô yz×�x È�uf×vu�Û�u Õ ×�Ý5×�Ù�|$× î�|�û�u"×�Ù½u?ã½��u�Ý�u Õ wGu,Ü£î¶×�Ù�u�y{uGã ×�Ü Õ Ý�Â�| Õ ß(x{Ý u�Ý�×�x{ï(|£×�u�ßhîü��Ü#ï
ß½|£×�|½� �½Ü#��×�Ù½u ��� | Õ ß 
!
 w�Ù�| Õ½Õ u�y{Ý�Â©×�Ù½uh��|#w�û�Á#��Ü Ô½Õ ßVÜ#��x{Á�x Õ |$×�x Õ Á2îü��Ü#ïB÷ ��� ��� .
uGÛ#u Õ ×�Ý"x}Ý,|$×�|(wGÜ�ï(ã�|£��|£��yzupyzu�Û�u�y �½ÚS|£�½y{u(»*Ý Ô ï(ï2|£��x{õGu�Ý_×�Ù½u*��u�Ý Ô y.×��

L$#F2�G � ��� .<�) %"|�w�û�Á���Ü Ô�Õ ß ~ � ã�u�w'×�u�ßµ¹ xzÁ Õ |£y 9'&)( ,
��� Ã#¾ »�ñ Æ�Æ � Æ�ñ Ã�ò Æ�ñ ÿ#¿%� Æ�ñ Æ�ÿ Ã

!
 Ã#¼ Æ½ñ ó�Æ � Æ�ñ ¼#Æ Æ�ñ ¼#Æ � Æ�ñ Æ�Ã ÿ
��
 ¼�¼ Æ½ñ Æ�Å � Æ�ñ Æ�» Æ�ñ ¿�Æ � Æ�ñ Æ�» »

* �,+��(� �"� ¹ Ô ï(ï2|£��â\Ü�î¶��u�Ý Ô yz×�Ý�îüÜ��[×�Ù½u³ß x{y{uGã ×�Ü Õ w�Ù�| Õ½Õ uGy}Ý���Ú"Ù½u?x Õ ×�uGÁ#��|£×�u�ßðy Ô ï(x Õ Ü#Ý�Ç
xz×�â�îüÜ��5u�|#w�Ùðw�Ù�| Õ½Õ uGy�x}Ý[Ý�Ù�Ü$ì Õ ÂG×�Ü�Á#uf×�Ù�uG�5ì,x.×�Ù\×�Ù½u Õ�Ô ï\�©uG�5Ü£î©u�Ý�×�x{ï2|$×�u�ß\��|�w�û�Á���Ü Ô½Õ ß
uGÛ#u Õ ×�Ý�Â#×�Ù½u Õ�Ô ï\�©uG�"Ü£î�u)��ã©u�wf×�u�ß G G u�Û�u Õ ×�Ý�îüÜ#�_|F×�Ü£×�|£y G G ã½��Ü ß Ô w'×�xzÜ Õ wf��Ü#Ý�Ý Ý�u�wf×�x{Ü Õ
Ü£î�Å�ñ Æpã½��Â�| Õ ßÞ×�Ù½u Õ�Ô ïð��u��,Ü£î5uGÛ�u Õ ×�Ý_×�Ù�|$×,ã�|�Ý�Ý�u�ßÞÜ Ô �?Ý�uGy{u�wf×�x{Ü Õ w Ô ×�Ý ��9'&)( ,  '�
�
� � �(���
�  �
.- � ���/� 
�� �10�� ���
Ú"ì_Ü\|£ã½ã���Ü�|�w�Ù½u�Ý�|£��u Ô Ý�u�ß(îüÜ#� ×�Ù½u�y{uGã½×�Ü Õ � È�uf×,| Õ |�yzâ Ý�u�Ý�º#| ��×�Ü�ã©Ü�y{Ü�Á#x{w�|£y �*| Õ |�yzâ Ý�x{Ý�Â
ì,Ù½u���u*×�Ù½uðÝ�uGy{u�wf×�x{Ü Õ x}Ý���|�Ý�u�ßVu Õ ×�xz��uGy{âVÜ Õ û�x Õ uGï2|$×�x{w\Û�|���x}|£��yzu�ÝGÂ�| Õ ßl|���Ý�Ü�î�×³y{uGã ×�Ü Õ
×�|�ÁN�(| Õ |£y{â�Ý�x}ÝGÂ ì,Ù½u���u�y{Ü$ì � � Õ Ü Õ Ç8x}Ý�Ü#y{|£×�u�ßnï Ô Ü Õ Ý�|£��u Ô Ý�u�ßn×�Ü(×�|�Á(×�Ù½u*ã½��u�Ý�u Õ wfu*Ü£î
|,È�uG×,ã½��u�Ý Ô ï(|��½y{âhÜ#��x{Á�x Õ |£×�x Õ ÁFîü��Ü�ï |ð� Ç ú Ô |���û¶� ¸ Ý�Ü£î�×"ï Ô Ü Õ Û#uf×�Ü\x}Ý_|�ã½ã½y{xzu�ß2×�Ü\×�Ù½u
×�Ü#ã�Ü#yzÜ#Á�x}wG|�y©| Õ |£y{â Ý�u�Ý�×�Üðu Õ Ý Ô ��u�wfÜ#ïhã�yzuG×�u�Ý�u�ã�|£��|$×�xzÜ Õ ��uG×�ìvu�u Õ ×�Ù½u*Ý�|£ï(ã½y{u�Ý Ô Ý�u�ßØx Õ
×�Ù�u�×�ìvÜ2|£ã�ã½��Ü�|�w�Ù½u�ÝG�
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Ú"Ù½upå���Ý�×?Ý�×�uGãµx Õ ×�Ù½u�×�Ü#ã�Ü#yzÜ#Á�x}wG|£y¶| Õ |£y{â�Ý�x}Ývx}Ýv×�Ü2Ý�uGy{u�w'×?|(Ý�|£ï(ã½y{u³u Õ ��x}w�Ù½u�ßØx ÕRö
�©Ü#Ý�Ü Õ"� È�uG×�Ý*u�Û�u Õ ×�Ý*|�ÝF|Þî Ô½Õ wf×�x{Ü Õ Ü�î�È�uG×Fï Ô yz×�x{ã½y{x{wGx.×�â^��âl��u�ú Ô xz��x Õ Áµ×�Ù½uØã���u�Ý�u Õ wfu
Ü£î |ÞÙ½x{Á�Ù � �êx}Ý�Ü�y}|$×�u�ßRy{uGã ×�Ü Õ Â¶y}|£��Á�u �6 �o| Õ ß¯|$×pyzu�|�Ý�×��VÈ�uG×�Ý�Â©ì,Ù�uG��u�� , » ��ÿ ��¼ ��Ã��
Ö&Õ |�ß½ß½x.×�xzÜ Õ Â�ì_uhÛ#uf×�Üµu�Û�u Õ ×�Ý*ì,Ù½u���u2|VÝ�Ü�î�×Fï Ô Ü Õ x{Ý*ã���u�Ý�u Õ ×�� �¯uØw�|£y{y[×�Ù�x{ÝFÝ�|£ï(ã½y{u
×�Ù�u ��ã½��u�Ý�|£ï(ã½y{u����$Ú"Ù½u?y}|£��Á�u�Ý�×�Ý�Ü Ô ��wfu"Ü£î¶��|�w�û�Á#��Ü Ô½Õ ß\×�Ü�×�Ù�u?ã½��u�Ý�|£ï(ã½y{u"wGÜ�ï(u�Ý[îü��Ü#ï
ï Ô y.×�x È�uG×(u�Û�u Õ ×�ÝGÂSì,Ù½u���uV|ØÈ�uG×(î�|£û�u�Ýð| Õ u�yzu�w'×���Ü Õ ��îüÜ��h×�Ù½u � � È�uf×�Ý2w�Ù�| Õ½Õ u�y  fÂ[| Õ ß
ì,Ù½u���uh|nï Ô Ü Õ Ü���xzÁ#x Õ |£×�x Õ Á2îü��Ü�ïr×�Ù½uhÝ�uGï(x{yzu�ã ×�Ü Õ x}wðß u�wG|�âVÜ£î_|nÙ½u�|�Û�â��©|�Û�Ü��pú Ô |£��û
|£ã�ã�u�|£��Ý³x}Ý�Ü�y}|$×�u�ß ��îüÜ���×�Ù½u 
 � È�uG×�ÝFw�Ù�| Õ½Õ u�y  f� Ö&Õ |�ß½ß xz×�x{Ü Õ Â�Ý�x{Á Õ x.å�w�| Õ × �6 �ëß Ô u(×�Ü
� Ô wf× Ô |£×�x{Ü Õ Ý2| Õ ß¦ï(x{Ý�ï(u�|�Ý Ô ��uGï(u Õ ×�Ý(Ü£îp×�Ù½u(È�uG×Øu Õ u���Á#xzu�Ýhî�|£û�u�Ýh×�Ù½uRã���u�Ý�u Õ wfuVÜ£î*|
Õ u Ô ×���x Õ Ü��D�^uÞw�|£y{y[×�Ù½u�Ý�unx Õ Ý�×�� Ô ï(u Õ ×�|£y���|#w�û�Á���Ü Ô½Õ ß�Ý ��ï Ô y.×�x È�uG×\��|�w�û�Á#��Ü Ô½Õ ß ��Â�| Õ ß
u�Ý�×�x{ï2|$×�u³×�Ù½uGx{��wGÜ Õ ×���xz� Ô ×�x{Ü Õ ß x{��u�w'×�y{â2îü��Ü�ï ß�|$×�|��

Ú"Ù½u¯|�ï(Ü Ô½Õ ×ÞÜ�îFï Ô yz×�x È�uf×µ��|�w�û�Á#��Ü Ô½Õ ß¦x Õ ×�Ù½u¯ã½��u�Ý�|£ï(ã½y{ulx{Ýµß uG×�uG��ï(x Õ u�ßë|#Ýn|
î Ô½Õ wf×�x{Ü Õ Ü£î5È�uG×Fï Ô yz×�x{ã½y{x{wGx.×�â^��âlå���Ý�×\ß½ufå Õ x Õ Ál| ��y{Ü�Ü#Ý�u��VÝ�|£ï(ã½y{uhì,xz×�Ùþu�Û�u Õ ×�Ýp×�Ù�|£×
ã�|#Ý�Ýp×�Ù½unÝ�|£ï(uØÝ�u�yzu�w'×�xzÜ Õ wG��xz×�u���x}|V|�Ý�×�Ù½u2ã½��u�Ý�|£ï(ã½y{u2u��½wfu�ã ×*×�Ù�|$×F×�Ù½u2×���|�w�ûøï(|£×�w�Ù
�üx}Ý�Ü�y}|$×�x{Ü Õ  <��u�ú Ô x{��u�ïhu Õ ×�x{Ý Õ Ü�×S|�ã½ã½y{xzu�ß*îüÜ���×�Ù�uvu�yzu�w'×���Ü Õ �üï Ô Ü Õ  � È�uf×�ÝSÝ�|£ï(ã½y{u���Ú"Ù½x}Ý
y{Ü�Ü�Ý�uÞÝ�|�ïhã�yzunwGÜ Õ Ý�x}Ý�×�Ý\Ü�îC9��FÝ�xzÁ Õ |£yvuGÛ�u Õ ×�Ý\| Õ ß 9	�Rï Ô yz×�x È�uf×(��|�w�û�Á#��Ü Ô½Õ ß^uGÛ#u Õ ×�Ý�Â
ì,Ù½u���uR9��"x}Ý?|(wfÜ#ï\�½x Õ |$×�xzÜ Õ Ü�î ö � È�uf×�Ý³| Õ ßÞ×�Ü�ãVuGÛ#u Õ ×�Ý��½Ú"Ù½u*ã½��u�Ý�|£ï(ã½y{uFwfÜ Õ Ý�x}Ý�×�Ý
Ü£î%?
� 9	� Ý�xzÁ Õ |£y©uGÛ#u Õ ×�Ý_| Õ ß ?
��9��Fï Ô y.×�x È�uG×,��|�w�û�Á���Ü Ô�Õ ß(uGÛ#u Õ ×�Ý�Â#ì,Ù�uG��uC?�� | Õ ß ?��ð|���u
×�Ù�u�yzu�ã ×�Ü Õ Ý�uGy{u�w'×�xzÜ Õ u KØwfx{u Õ wfx{u�Ý<îüÜ#��×�Ù½u�ã½��u�Ý�|£ï(ã½y{u���uGy}|$×�x{Û�u5×�Ü,×�Ù�u y{Ü�Ü�Ý�u�Ý�|£ï(ã½y{u�Ý�ÂfîüÜ#�
Ý�xzÁ Õ |£y�| Õ ß���|#w�û�Á���Ü Ô½Õ ßp��u�Ý�ã�u�w'×�xzÛ#uGy{â��)�^u Ü#� ×�|�x Õ ?��¶îü��Ü�ï ×�Ù�u"÷ ��� � � .nÝ�|£ï(ã½y{u�Â�| Õ ß?��(îü��Ü#ïruGÛ�u Õ ×�Ý?ì,xz×�Ù �6 � O »�Æ(�puGôh� & Õ wGu*×�Ù�uðï Ô y.×�x È�uG×³��|#w�û�Á���Ü Ô½Õ ßVwGÜ Õ ×���xz� Ô ×�x{Ü Õ
x}ÝÞÝ Ô � ×���|#w'×�u�ß�îü��Ü�ï ×�Ù�u¯ã½��u�Ý�|£ï(ã½y{u�Â_ì_u¯ã½��Ü wfu�u�ßé×�Üêu���×���|#w'×n×�Ù½u Õ�Ô ï\�©uG�µÜ£îF×�Ü�ã
wG| Õ ß x}ß½|$×�u�Ý"x Õ ×�Ù½u�� ,�ÃpÈ�uf×?ï Ô yz×�x{ã½yzx}wfxz×�âµ�½x Õ |#Ý_ß½u�Ý�wf��xz�©u�ßµ�©uGy{Ü$ì*�

Ú"Ù½u Õ�Ô ï\�©uG�(Ü£î ö � È�uf×�Ýhu�Û�u Õ ×�Ýðx Õ ×�Ù½u
� , ÃÞÈ�uf×(�½x Õ Ü�î,×�Ù½uVã½��u�Ý�|£ï(ã½y{unx}Ý
uGÛ$|�y Ô |£×�u�ßR|�Ý�Ý Ô ï(x Õ Á %_uG��u Õ ß�Ý)��uGï(ã½x{��x}wG|�y�Ý�wG|£y{x Õ Á2y{|�ì*Â�ì,Ù½x}w�ÙR��u�y{|£×�u�Ý�wf��Ü#Ý�Ý?Ý�u�w'×�xzÜ Õ Ý
îüÜ��"×�Ù½u�� =�� | Õ ßn×�Ù½u ��� � »: =�� x Õ wGy Ô Ý�x{Û�u_È�uf×?ï Ô yz×�x{ã½yzx}wfxz×�x{u�Ý³|�Ý_îüÜ#yzy{Ü$ì?Ý�æ.»#»'è8º

4 æ ö�� ��� � »1 �� � G +Gè4 æ ö�� �
� � G +fè , +

ì,Ù½u���u +^ß u�ã�u Õ ß½ÝvÜ Õ ×�Ù½u?×���| Õ Ý�Û#uG��Ý�u"u Õ uG��Á�â(| Õ ß(ã�Ý�u Ô ß Ü£Ç ��|£ã½x}ß xz×�â\Ü£î<×�Ù½u�È�uG×�Ý�� ¸ î�×�u��
Ý Ô � ×���|�wf×�x{Ü Õ Ü£îvï Ô yz×�x È�uf×F��|#w�û�Á#��Ü Ô½Õ ßR|#Ý*ß u�Ý�wf��xz�©u�ß¯|£�©Ü$Û�u#Â�×�Ù½u Õ�Ô ï\�©uG�*Ü�î
� � È�uf×�Ý
uGÛ#u Õ ×�Ý"ì,xz×�ÙhÈ�uG×?ï Ô yz×�x{ã½y{x{wGx.×�â ��� x}Ý"Á�x{Û�u Õ ��â¶º

9�� ��� �� , 9����� + � .�� ��� = =� 9 = =
ì,Ù½u���u 9 � ��� �� x}Ý�×�Ù½u Õ�Ô ï\�©uG�5Ü£î©uGÛ#u Õ ×�ÝSx Õ ×�Ù�u_ã���u�Ý�|�ïhã�yzu"|$î�×�uG�5ï Ô yz×�x È�uf×���|�w�û�Á���Ü Ô½Õ ß
Ý Ô � ×���|�wf×�x{Ü Õ Â
9 �� x{Ý*×�Ù½u Õ�Ô ï\�©uG�\Ü�î � u�Û�u Õ ×�ÝFì,xz×�Ù |£×\yzu�|�Ý�×\Ü Õ u�È�uf×ðx Õ ×�Ù�uØå Õ |�y
Ý�×�|$×�u�ÂS|�Ý*u�Ý�×�xzï2|$×�u�ßþ|���Ü$Û#u�Â�| Õ ß � = =� x}Ý*×�Ù½uØîü��|�wf×�x{Ü Õ Ü£î G G uGÛ�u Õ ×�Ý*u)��ã©u�wf×�u�ß^×�Ül�©u
ã½��u�Ý�u Õ ×�x Õ ×�Ù�uðã½��u�Ý�|£ï(ã½y{uFì,xz×�Ùø|FÈ�uf×�ï Ô yz×�x{ã½y{x{wGx.×�â � � �©Ú"Ù½x}Ý?îü��|�wf×�x{Ü Õ x}Ý�wGÜ�ï(ã Ô ×�u�ß
îü��Ü�ï¡|�ýRÜ Õ ×�u,t_|���y{Ü³Ý�xzï Ô y}|$×�x{Ü Õ �£Ú"Ù½u"Û�|�y Ô u�ÝSÜ£î + Â'9 �� Â£| Õ ß;9 = =� |£��u_Ü�� ×�|£x Õ u�ßFîü��Ü#ï
|\å½×v×�Üh×�Ù½u�ß x}Ý�×���x{� Ô ×�xzÜ Õ Ü�î
9 � ��� � îüÜ�� � ,¡» ��ÿ ��¼ ��Ã��A�^u�Ü Õ y{â Ô Ý�u�×�Ù½u +çã�|£��|£ï(uf×�uG�
×�Ü(u)��×���|�ã�Ü#y{|£×�up×�Ù�u Õ�Ô ï\�©uG�,Ü£î'� u�Û�u Õ ×�Ý"x Õ ×�Ù½u � ÃpÈ�uG×�Ý"×�Ü�ã©Ü�y{Ü�Á�â

9��! , 9���"� +$#�ñ
�SxzÁ Ô ��u³óhÝ�Ù½Ü$ì?Ýv×�Ù½u³��u�Ý Ô yz×,Ü£î�×�Ù½x{Ý"ï(uG×�Ù½Ü ß2îüÜ#�_×�Ù½u � � È�uG×�Ý,| Õ ß 
 � È�uf×�Ý"w�Ù�| Õ½Õ u�y{Ý��

Ú"Ù½u Õ�Ô ïð��u��\Ü£î ö uGÛ#u Õ ×�ÝFx Õ ×�Ù½u%� , Ã(È�uG×ð�½x Õ Ü��½×�|£x Õ u�ßç��âø×�Ù½x}ÝFï(uG×�Ù½Ü ßþx}Ý
Ý Ô ��Ý�u�ú Ô u Õ ×�yzâµwfÜ�����u�w'×�u�ßÞ��ân×���x{Á�Á#uG�,u KØwGxzu Õ wfx{u�Ý���Ú"Ù½uFy}|�Ý�×�Ý�×�uGãRx Õ ×�Ù�uFu���×���|�wf×�x{Ü Õ Ü£î
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e+jets

T ��U
���%�	� x{uGy}ßµÜ£î5x Õ wGy Ô Ý�x{Û�u ö � È�uf×�Ý�|�Ý?|ðî Ô½Õ wf×�x{Ü Õ Ü�îSx Õ wfy Ô Ý�xzÛ#u_È�uf×�ï Ô y.×�xzã�yzx}wfxz×�â�Â îüÜ#�
×�Ù�u 
 � È�uf×�ÝF| Õ ß^u � È�uf×�Ýð| Õ |�yzâ Ý�u�Ý��D$?Ü�×�u(×�Ù�|$×F×�Ù½u*È�uf× 6 � | Õ ß 7 ��u�ú Ô x{��u�ïhu Õ ×�ÝF|���u
ß x 0©u���u Õ ×_îüÜ#�,×�Ù�upu�yzu�w'×���Ü Õ | Õ ßµï Ô Ü Õ w�Ù�| Õ½Õ u�y Â ì,Ù½x}w�ÙR|!0¶u�wf×�Ý_×�Ù�uFÝ�y{Ü�ã©u��
×�Ù�u G G Ý�xzÁ Õ |£y�îü��Ü�ï ×�Ù½uhÜ$Û�u���ì,Ù�uGy{ïhx Õ Á ö � È�uG×�Ý�| Õ ßlï Ô yz×�x È�uf×*��|#w�û�Á#��Ü Ô½Õ ßµx}Ý?×�Ù½u
|£ã�ã½yzx}wG|£×�x{Ü Õ Ü£î_×�Ü#ã�Ü#yzÜ#Á�x}wG|£y[w Ô ×�Ý�îüÜ Ô½Õ ß¯×�ÜR�©u2u 0¶u�wf×�x{Û�u2x ÕþÓ,Ô½ÕçÖ æz»�ÿ�è8Â Õ |£ï(uGy{â � �
| Õ ß ¸ ã½y{| Õ |£��xz×�â��½ÚS|£�½y{uFÿðÝ Ô ï(ï2|£��xzõ�u�Ý_×�Ù½u*��u�Ý Ô y.×��

Ú"Ù½u³Ý�Ü£î�×_yzu�ã ×�Ü Õ ×�|�Á\| Õ |£y{â�Ý�x}Ý Ý�×�|£��×�Ý�îü��Ü#ï ×�Ù½u³Ý�|£ï(u?ã���u�Ý�|�ïhã�yzu?� Ô ×_��u�ú Ô x{��u�Ý5×�Ù½u
ã½��u�Ý�u Õ wGu?Ü£î�| Õ Ü Õ Ç8x}Ý�Ü#y{|£×�u�ß<Â�y{Ü$ì����øï Ô Ü Õ Â�| Õ ßØÝ�Ü£î�×�uG�v×�Ü�ã©Ü�y{Ü�Á#x{w�|£y©w Ô ×�ÝG��Ú"Ù½upï Ô yz×�xzÇ
È�uf×���|�w�û�Á���Ü Ô½Õ ßFx}Ý[u�Ý�×�x{ï2|$×�u�ßð|#Ý�ß u�Ý�wG��x{��u�ßð|���Ü$Û#u��£Ú"Ù½u"��|#w�û�Á���Ü Ô½Õ ßFîü��Ü#ï � � È�uG×�Ý[x}Ý
Ü��½×�|£x Õ u�ßð��âh|£ã½ã½y{â�x Õ Á\|p×�|�Á�Á�x Õ Á�ã½��Ü���|��½x{yzxz×�âF×�Ü�×�Ù½u?ã���u�Ý�|�ïhã�yzu?|£î�×�uG� ï Ô yz×�x È�uf×_��|�w�û�Ç
Á���Ü Ô�Õ ßnÝ Ô � ×���|#w'×�x{Ü Õ �½Ú"Ù½u*��u�Ý Ô y.×,Ü£îS×�Ù�x{Ý?| Õ |£y{â Ý�x}Ý_x{Ý,|�y{Ý�Ü2Ý Ô ïhï2|���x{õGu�ßnx Õ Ú�|��½yzuFÿ

L #F2�G � ��� .<�) %"|�w�û�Á#��Ü Ô½Õ ß ~ � ã©u�w'×�u�ßV¹�x{Á Õ |�y 9'&)( ,
� � È�uG×�Ý �ü×�Ü#ã�ÜT ¿£Æ ÿ½ñ
Å �êÆ½ñ ó »�ñ ¾ Ã

�� È�uf×�Ý ��×�Ü#ã�ÜT Ã#Æ ÿ½ñ
Å �ë»�ñ{» ÿ ñ Ã Ã
��� È�uf×�Ý ��Ý�yz×! ¿£Æ Æ�ñ ÿ%�êÆ½ñ{» Æ½ñ
¿ ÿ

"� È�uG×�Ý � Ý�yz×! Ã#Æ Æ�ñ
Å �êÆ½ñ Ã Æ½ñ ¾ Æ

* �,+��(� ��� ¹ Ô ï(ï2|£��â Ü£îp��u�Ý Ô yz×�ÝhîüÜ#�(×�Ù½uRy{uGã½×�Ü Õ � È�uG×�Ý(×�Ü�ã©Ü�y{Ü�Á#x{w�|£y ����×�Ü�ã©ÜN�P h| Õ ß
Ý�Ü£î�×\y{uGã ×�Ü Õ ×�|£Á ����Ý�yz×��P *| Õ |£y{â�Ý�u�Ý���Ú"Ù½uØx Õ ×�u�Á���|$×�u�ß^y Ô ï(x Õ Ü#Ý�xz×�âøîüÜ#�Fu�|#w�Ùçw�Ù�| Õ½Õ u�y x}Ý
Ý�Ù½Ü$ì Õ Â�×�Ü�Á#uf×�Ù½uG�pì,x.×�Ùl×�Ù½u Õ�Ô ïð��u��³Ü�î u�Ý�×�x{ï2|$×�u�ßl��|�w�û�Á���Ü Ô½Õ ßVuGÛ�u Õ ×�Ý�Â�×�Ù½u Õ�Ô ïð��u��
Ü£î5u�� ã©u�wf×�u�ß G G uGÛ#u Õ ×�Ý"îüÜ#��|(×�Ü£×�|�y G G ã���Ü ß Ô wf×�x{Ü Õ wf��Ü#Ý�Ý,Ý�u�w'×�xzÜ Õ Ü£î Å�ñ Æ*ã½��Â©| Õ ßÞ×�Ù½u
Õ�Ô ï\�©uG�,Ü�îSu�Û�u Õ ×�Ýv×�Ù�|£×?ã�|�Ý�Ý"Ü Ô �?Ý�uGy{u�wf×�x{Ü Õ w Ô ×�Ý ��9 & ( ,  '�

�
� � 
 
 �'�! "��� � �&�'���( �
�� ��� ���
�!�
� ��
 �
tvÜ�ïð�½x Õ x Õ ÁR×�Ù½uÞ��u�Ý Ô y.×�Ý\ã½��u�Ý�u Õ ×�u�ßçx Õ ×�Ù½uV|£�©Ü$Û�uØÝ Ô ��Ý�u�wf×�x{Ü Õ Ý�Â�ì_unÜ#� ×�|�x Õ ×�Ù½unå���Ý�×
ï(u�|#Ý Ô ��uGï(u Õ ×*Ü�î ×�Ù�u G G ã½��Ü�ß Ô w'×�xzÜ Õ wG��Ü�Ý�Ý�Ý�u�w'×�xzÜ Õ |$×F|Rwfu Õ ×�uG�*Ü�îvï2|�Ý�Ý�u Õ u���Á#âlÜ£î
»�ñ ò�ó��puGô Ô Ý�x Õ Á2à*áùß½|£×�|���Ú"Ù½u���u�Ý Ô y.×

4�� ��� = = ,ë¾½ñ
¿ � !�� �. # � � ��Ý�×�|$×? � ��� #. # � � � Ý�â Ý! �êÆ½ñ ¾ �üy Ô ï(x  øã��
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x{Ý³x Õ |£Á#��u�uGï(u Õ ×?ì,xz×�ÙR×�Ù½uh¹�×�| Õ ß�|£��ßRýRÜ ß uGySã½��u�ß x}w'×�xzÜ Õ Â�|#Ý�wG| Õ ��uhÝ�u�u Õ x Õ �SxzÁ�Ç
Ô ��u2Å �¶¹ â�Ý�×�u�ï2|$×�x}w Ô½Õ wfu���×�|£x Õ ×�x{u�ÝpÜ Õ Ý�x{Á Õ |�yS| Õ ßl��|�w�û�Á���Ü Ô½Õ ßVu�Ý�×�x{ï(|£×�u�ÝGÂ<|�Ý³ì_uGy{y5|#Ý
×�Ù�uGx{�?wfÜ�����uGy}|$×�x{Ü Õ ÝGÂ�ì_uG��up|#wGwfÜ Ô½Õ ×�u�ßØîüÜ#�,x Õ ×�Ù�uFwG|£y}w Ô y{|£×�x{Ü Õ Ü£î�×�Ù½uFwf��Ü#Ý�Ý"Ý�u�w'×�xzÜ Õ �

All channels

lepton+jets

dileptons

µ+jets/µ

e+jets/µ

µ+jets

e+jets

eµ

µµ

ee

D∅ Run II Preliminary

T ��U
����� ¹ Ô ï(ï(|���â�Ü�î\x Õ ß x{Û�x}ß Ô |�yFwf��Ü#Ý�ÝnÝ�u�wf×�x{Ü Õ Ý�Â,ß xzy{uGã½×�Ü Õ | Õ ßëy{uGã ×�Ü Õ	� È�uG×�ÝVÝ Ô � Ç
wfÜ#ï\�½x Õ |£×�x{Ü Õ Ý�Â�| Õ ß(×�Ù½u�î Ô y{y©wGÜ�ï\��x Õ |£×�x{Ü Õ Ü�î¶ï(u�|�Ý Ô ��u�ï(u Õ ×�Ý��#Ú"Ù½u���| Õ Á�u,Ü�î�|�Û�|�xzy}|£��yzu
×�Ù�uGÜ���uf×�x{w�|£y¶ã½��u�ß x}w'×�xzÜ Õ Ý*æz»�¼$è�x}Ý,x Õ ß x}wG|£×�u�ßµ��â2×�Ù½u*��u�ßn��| Õ ß<�
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� � Ò����

 
çÎ

�Î Ë 
#Ì½Ð�Ï³Ò	��


Ú"Ù½u ß½Ü�ï(x Õ | Õ ×�ã½��Ü ß Ô w'×�xzÜ Õ ï(Ü�ß½u�îüÜ���×�Ù½u"¹�×�| Õ ß½|£��ß*ýRÜ ß u�y#Ä?x{Á�Á�Ý��©Ü#Ý�Ü Õ |$×�×�Ù½uvÚ�u�Û�|£Ç
×���Ü Õ x{ÝpÁ�y Ô Ü Õ î Ô Ý�xzÜ Õ ��� � � �¶Ä�Ü$ìvu�Û�u���Â�îüÜ��*|Øy{xzÁ#Ù�×�Ä�xzÁ#Á#Ý������ O »GÃ�Æ(�pu�ô( �×�Ù½u
ß Ü#ïhx Õ | Õ × ß½u�wG|�âðï(Ü�ß½u?x{Ý � � � � ��Â���u Õ ß uG��x Õ Á�×�Ù½x}Ý ï(Ü ß u?Ù�Ü�ã©uGy{u�Ý�Ý�|£Á�|£x Õ Ý�×[×�Ù½u?y}|£��Á�u
��|#w�û�Á#��Ü Ô½Õ ß½Ý_Ü�î�� ���ã���Ü ß Ô wf×�x{Ü Õ îü��Ü�ï Ü£×�Ù�uG��Ý�Ü Ô ��wfu�ÝG� Ö&Õ ×�Ù½x}Ý?ï2|�Ý�Ý,��| Õ Á#u�Â Ü Õ uFï Ô Ý�×
y{Ü�Ü#ûØîüÜ#�³Ä?x{Á�Á�Ý,�©Ü#Ý�Ü Õ Ý�ã½��Ü ß Ô wfu�ßVx Õ |�Ý�Ý�Ü�wGx{|£×�x{Ü Õ ì,xz×�Ùl| ö Ü#�p÷ �©Ü#Ý�Ü Õ Â½×�Ù½uðy{|£×�×�u��
×�Ù�u Õ ß u�wG|�â�x Õ Á*yzu�ã ×�Ü Õ x}wG|£y{y{âµæz»GÃ$è �P��x.×�Ù2×�Ù½u³yzx{ï(x.×�u�ßÞÝ�×�|$×�x}Ý�×�x}wGÝ w Ô ����u Õ ×�yzâ(|�Û$|£x{y{|��½y{u?|$×
×�Ù�u(Ú�uGÛ$|£×���Ü Õ Â<Ä?x{Á�Á�Ý�Ý�× Ô ß x{u�Ý�Ù�|�Û#uð�©uGu Õ ã½��Ü wfu�u�ß x Õ ÁV|£y{Ü Õ ÁÞ×�ìvÜµy{x Õ u�ÝGº<��|�w�û�Á���Ü Ô½Õ ß
Ý�× Ô ß x{u�Ý�×�ÜR¹�×�| Õ ß½|���ßøýRÜ ß uGy5Ä?x{Á�Á�Ý�ã½��Ü ß Ô wf×�x{Ü Õ ����âlÝ�× Ô ß â�x Õ ÁÞ×�Ù�u\ã½��Ü�ã©uG��×�x{u�Ý³Ü£î ö
| Õ ß2÷���Ü�Ý�Ü Õ Ý[ã½��Ü ß Ô wGu�ß(x Õ |�Ý�Ý�Ü wfx}|$×�xzÜ Õ ì,xz×�ÙFÈ�uf×�Ý! 'Â�| Õ ß2Ý�u�|���w�Ù�u�Ý5��uGy{uGÛ$| Õ ×[×�Ü\u���×�u Õ Ç
Ý�xzÜ Õ Ý_×�Üh×�Ù�u\¹�×�| Õ ß½|£��ßµýRÜ ß uGy<×�Ù�|$×?ã���u�ß x{wf×,u Õ Ù�| Õ wfu�ï(u Õ ×�Ý"×�Ü(Û�|���x{Ü Ô Ý,Ä?x{Á�Á#Ý_�©Ü#Ý�Ü Õ
w�Ù�| Õ½Õ uGy}Ý��

����� #%� �P�!���
	> ����
����

�^uvÝ�u�|£��w�Ù�îüÜ��5|,y{xzÁ#Ù�×SÄ?x{Á�Á�Ý��©Ü#Ý�Ü Õ ß½u�wG|�â�x Õ Á?x Õ ×�Ü?×�ì_Ü�ã�Ù½Ü£×�Ü Õ Ý�� ����� |#Ý�Ý Ô ï(x Õ Á�| Õ
u Õ Ù�| Õ wGu�ß(�½��| Õ w�Ù½x Õ Á�îü��|#w'×�x{Ü Õ x Õ ×�ÜFã½Ù�Ü£×�Ü Õ Ý�æz»�¿�è8��Ú"Ù½u³| Õ |£y{â Ý�x}Ý5x{Ýv��|#Ý�u�ßðÜ Õ ¿�ÿ³ã½�/.��
Ü£î_ß½|$×�|½� �¯uh��u�ú Ô x{��u(ÿØx}Ý�Ü#y{|£×�u�ßRuGy{u�wf×���Ü�ï2|£Á Õ uf×�x{w\Ü�� È�u�w'×�Ý�Â¶ì,x.×�Ù½Ü Ô ×�|n×���|�w�ûVï2|$×�w�Ù�Â
| Õ ßðì,xz×�Ù 6 � � ÿ#¿��puGôh� Ö&Õ |#ß½ß xz×�x{Ü Õ Â£ì_u�|�ã½ã½y{âð|Fw Ô × Ü Õ ×�Ù½u?x Õ Û�|���x}| Õ ×[ï2|�Ý�Ý�Ü�î�×�Ù½u
��� ã�|£x{��Â�ì,Ù½x}w�Ù Ý�u�yzu�w'×�Ý\|R��uGÁ#xzÜ Õ |���Ü Ô ×ð|RÙ�â�ã©Ü£×�Ù�u�Ý�xzõ�u�ßþÄ?x{Á�Á�Ý*ï2|�Ý�ÝG�SÚ"Ù½uØy}|£��Á�u�Ý�×
��|#w�û�Á#��Ü Ô½Õ ß^wfÜ#ïhu�Ý*îü��Ü�ïíï Ô yz×�x È�uf×huGÛ#u Õ ×�Ýð| Õ ß��ä�©Ü#Ý�Ü Õ ß u�wG|�â Ý�Â�| Õ ß ìvuØu�Ý�×�xzï2|£×�u
×�Ù�uGïYîü��Ü#ïYwfÜ#yzy{x}ß uG� ß�|$×�| Ô Ý�x Õ Á*ï(u�|#Ý Ô ��u�ïhu Õ ×�Ý[Ü�î�×�Ù½u?×���|#w�û�x Õ Á�x Õ u KØwfx{u Õ wfâ�Â�| Õ ßð×�Ù½u
uGy{u�wf×���Ü Õ | Õ ßØã�Ù½Ü£×�Ü Õ î�|�û�up��|£×�u�Ý��T��x{Á Ô ��up¾ðÝ�Ù½Ü$ì?Ý ×�Ù�|£×v×�Ù½uG��u³x}ÝvÁ�Ü�Ü ßn|£Á#��u�uGï(u Õ ×�îüÜ#�
×�Ù�u?ß xzã�Ù½Ü£×�Ü Õ x Õ Û$|£��x}| Õ ×[ï(|#Ý�Ý[|#Ý5ï(u�|�Ý Ô ��u�ßð��âðà*áðÂ�| Õ ßð×�Ù½u,��|�w�û�Á#��Ü Ô½Õ ß½ÝSã½��u�ß x}w'×�u�ß
îü��Ü�ï wGÜ�y{yzx}ß uG�?ß�|$×�|��

��� � #%� �P�!���
	> ����
������ 
"!�#%$�!'&($

��xz×�Ù½x Õ ×�Ù½un¹�×�| Õ ß�|£��ß¯ýRÜ ß u�y Â�×�Ù½uØß Ü#ï(x Õ | Õ ×*Ä�xzÁ#Á#Ý��©Ü#Ý�Ü Õ ß u�w�|�âlï(Ü ß uhîüÜ��\Ä�xzÁ#Á#Ý
ï2|�Ý�Ý�u�Ý[|£�©Ü$Û�u�»�¼�¿³�pu�ô x}Ý � � öùö*) � ¸ yz×�Ù�Ü Ô Á#Ùð×�Ù½u³¹�×�| Õ ß�|£��ßhýlÜ�ß½uGy½u�Û�u Õ ×���|$×�u�Ý
|£��u�u)� ã�u�w'×�u�ßØ×�Üð�©u³×�Ü�Üðy{Ü$ì�×�Üð�©u�Ü���Ý�uG��Û�u�ß(ì,x.×�Ùn×�Ù½u*w Ô ����u Õ ×_ß½|£×�|hÝ�uG×�Â |£yz×�u�� Õ |£×�x{Û�u
Ý�wfu Õ |£��xzÜ�ÝFu�� x}Ý�×�Â5x Õ ì,Ù½x{w�ÙäuGxz×�Ù½u��h×�Ù½uµã½��Ü�ß Ô w'×�xzÜ Õ wf��Ü#Ý�Ý\Ý�u�wf×�x{Ü Õ Ü��ð×�Ù½uµ�½��| Õ w�Ù½x Õ Á
îü��|�w'×�xzÜ Õ x Õ ×�Ü ö ã�|�xz��ÝGÂ�x{Ý*u Õ Ù�| Õ wfu�ß¦æz»�ó½Â »�Å�è8�<�¯unÝ�u�|���w�Ù¯îüÜ��FÄ�xzÁ#Á#Ý*�©Ü#Ý�Ü Õ ß u�wG|�â Ý
x Õ ×�Ü ö ã�|£x{��Ý*îüÜ��Fì,Ù½x}w�Ùç×�Ù�u ö ��Ü�Ý�Ü Õ Ý*Ù�|�Û#u(Ý Ô ��Ý�u�ú Ô u Õ ×�y{â^ß u�wG|�â#u�ß¯yzu�ã ×�Ü Õ x{w�|£y{yzâ#�
Ú"Ù½u*ï2|£x Õ ��|�w�û�Á���Ü Ô�Õ ß½Ý"wfÜ#ïhupîü��Ü�ï ï Ô yz×�x È�uf×�Â<÷ ��� � � .�Â öùö Â ö | Õ ßR÷ � È�uG×�Ý�Â
| Õ ß G G uGÛ�u Õ ×�Ý��¶Ú"Ù�uhÜ#ã�u Õ x Õ Áµ| Õ Á�y{uh��uG×�ìvu�u Õ ×�Ù½uh×�ìvÜVw�Ù�|���Á#u�ßVy{uGã ×�Ü Õ Ý�x}Ý�| Ô Ý�ufî Ô y
ß x}Ý�wG��x{ï(x Õ |$×�x Õ ÁÞÛ�|���x}|£��yzuð��uG×�ìvu�u Õ ×�Ù½u2Ä?x{Á�Á�Ý³Ý�xzÁ Õ |£y[| Õ ßR×�Ù½uð��|�w�û�Á���Ü Ô½Õ ß½Ý ��x Õ ã�|£��Ç
×�x}w Ô y{|�� îüÜ#� ×�Ù½u³x{����u�ß Ô wfx{�½y{u���|#w�û�Á���Ü Ô½Õ ß2|���x}Ý�x Õ ÁFîü��Ü#ï � � ã½��Ü�ß Ô w'×�xzÜ Õ  'Â�Á�x{Û�u Õ ×�Ù�|£×
×�Ù�uð×�ì_Üµyzu�ã ×�Ü Õ Ýpîü��Ü#ïr×�Ù½u � � öùö*) ß u�wG|�âV×�u Õ ßø×�ÜVï(Ü$Û�u\ã�|£��|£y{yzu�y5ß Ô uh×�ÜRÝ�ã�x Õ
wfÜ#����uGy}|$×�xzÜ Õ Ý���ÚS|£��yzuF¼2Ý Ô ï(ï2|£��xzõ�u�Ý_×�Ù�u*uGÛ�u Õ ×�Ý"×�Ù�|$×?ã�|#Ý�Ý?Ü Ô �?Ý�uGy{u�wf×�x{Ü Õ �©tvÜ#ï\�½x Õ x Õ Á
×�Ù�u ��� | Õ ß ��
 w�Ù�| Õ½Õ u�y{Ý�Â�ìvu*w�| Õ Ý�uf×?| ÕÞÔ ã�ã�u��_y{x{ïhxz×�|$×"×�Ù½u*ò#¿�S t³� À���îüÜ#�_×�Ù½u*wf��Ü#Ý�Ý
Ý�u�w'×�xzÜ Õ ×�x{ï(u�Ýv�½��| Õ w�Ù½x Õ Á*��|$×�x{ÜFÜ�î � � öùö ��� � � � Û#uG��Ý Ô ÝvÄ?x{Á�Á�Ý[ï2|�Ý�ÝG��Ú"Ù½u�y{xzï(xz×
x}Ý,Ý�Ù½Ü$ì Õ x Õ �Sx{Á Ô ��u*òð×�Ü�Á#uf×�Ù½uG�,ì,xz×�Ùµ×�Ù�u*u�� ã�u�w'×�|$×�x{Ü Õ Ý_îü��Ü#ï Û$|£��xzÜ Ô Ý"ï(Ü�ß½uGy}ÝG�
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 data  γγ
Estimated bkgd :

 34±        QCD : 507 
 24±Drell-Yan : 182 
 42±        Sum : 689 

DØ Run II Preliminary

T ��U
���%� à³x{ã½Ù½Ü£×�Ü Õ x Õ Û$|£��x}| Õ ×Sï2|#Ý�ÝSß x}Ý�×���x{� Ô ×�xzÜ ÕðÔ Ý�u�ß\îüÜ��S×�Ù½u%� � ��� Ý�u�|���w�Ù���àp|$×�|px}Ý
Ý�Ù½Ü$ì Õ |#Ý,�½y Ô uFwf��Ü#Ý�Ý�u�Ý�Â½| Õ ßÞ×�Ù�uFwfÜ�ïð�½x Õ u�ßR¹�×�| Õ ß½|���ßVýRÜ ß u�y���|#w�û�Á#��Ü Ô½Õ ßnx{Ý?Ý�Ù½Ü$ì Õ
x Õ ��u�ß<Â�ì,xz×�Ùl×�Ù½u(wfÜ Õ ×���x{� Ô ×�xzÜ Õ Ý,îü��Ü�ï ï Ô y.×�x È�uG×�| Õ ßRà���uGy{y � | Õ Ý�Ù½Ü$ì Õ x Õ Á���uGu Õ | Õ ß
�½��Ü$ì Õ Â���u�Ý�ã©u�wf×�x{Û�u�yzâ#�

L # 28G � � � .��  %_|#w�û�Á���Ü Ô½Õ ß 9 &)( ,
��� Ã#Ã Æ�ñ
Å%�ë»�ñ Ã Æ
��
 ¼�Ã Æ�ñ ò#�ë»�ñ
¿ »

!
 Ã�¾ Æ�ñ ¼#�êÆ½ñ{» »

* �,+��(� �%� ¹ Ô ï(ï2|£��âéÜ£î\��u�Ý Ô yz×�ÝnîüÜ��Þ×�Ù½u �
� öùö*) ×�Ü¦ß½xzy{uGã ×�Ü Õ ÝµÝ�u�|£��w�Ù��"Ú"Ù½u
x Õ ×�uGÁ#��|£×�u�ß^y Ô ï(x Õ Ü#Ý�x.×�â^îüÜ��ðu�|#w�Ù w�Ù�| Õ½Õ uGy x}Ý\Ý�Ù½Ü$ì Õ Â�×�Ü#Á�uf×�Ù½uG�ðì,x.×�Ùþ×�Ù�u Õ�Ô ï\�©uG�hÜ£î
u�Ý�×�x{ï2|$×�u�ßµ��|�w�û�Á#��Ü Ô½Õ ßÞuGÛ�u Õ ×�Ý�Â�| Õ ßÞ×�Ù½u Õ�Ô ï\�©uG��Ü£î5uGÛ�u Õ ×�Ý"×�Ù�|$×�ã�|�Ý�Ý"Ü Ô ��Ý�uGy{u�wf×�x{Ü Õ
w Ô ×�Ý ��9 & ( ,  f��Ú"Ù½u*uG����Ü��_Ü Õ ×�Ù½u 
!
 w�Ù�| Õ�Õ uGy<x}Ý5È Ô Ý�×�Ý�×�|$×�x{Ý�×�x}wG|�y �

� ��� �5Í�Ñ�� ��
���Î Í�� ��� �	� ��Ë?Î�
 ��Ë �

¸ yz×�Ù�Ü Ô Á#Ù¯×�Ù½uÞ¹�×�| Õ ß�|£��ß^ýlÜ�ß½uGy�x}Ý\|��½yzu(×�Ül|�w�wfÜ Ô�Õ ×*îüÜ#�F|£y{y û Õ Ü$ì Õ ã½Ù½u Õ Ü�ï(u Õ |½Â�xz×
×�u�yzy}Ý Ô Ý Õ Ü£×�Ù�x Õ Á¦|£�©Ü Ô ×Þ×�Ù½u¯ï2|�Ý�Ý�u�Ýn| Õ ß�ï(x � x Õ Áä| Õ Á�y{u�ÝnÜ£î\ú Ô |£��û Ýn| Õ ß�y{uGã ×�Ü Õ Ý�Â
×�Ù�u Õ |£× Ô ��u�Ü�î�×�Ù�u�Ä�xzÁ#Á#Ývï(u�w�Ù�| Õ x{Ý�ïVÂ#Ü#� ×�Ù½upÛ�|�y Ô u³Ü�î�×�Ù½u�wfÜ Ô ã½y{x Õ ÁhwGÜ Õ Ý�×�| Õ ×�ÝG��Ú"Ù½x}Ý
ã½��Ü�y{x.îüu���|£×�x{Ü Õ Ü£î½|����½xz×���|£��â?ã�|���|�ï(uf×�u���Ý�Ý Ô Á#Á�u�Ý�×�Ý¶×�Ù½uvã½��u�Ý�u Õ wGu�Ü£î Õ u�ì^ã�Ù�â Ý�x{w�Ý��©uGâ#Ü Õ ß
×�Ù�uç¹�×�| Õ ß�|£��ß ýRÜ ß u�y � Ö&Õ Ý�ã½xz×�u^Ü£î\×�Ù½uçy{xzï(xz×�u�ß |£ï(Ü Ô½Õ ×µÜ�î\y Ô ïhx Õ Ü�Ý�xz×�âëw Ô ����u Õ ×�y{â
|�Û$|£x{y{|��½y{u�Â5à�á ã©uG��îüÜ���ï2Ý(Ý�u�|£��w�Ù½u�ÝFîüÜ��(ã½Ù�â Ý�x}wGÝh�©uGâ�Ü Õ ßþ×�Ù½uR¹�×�| Õ ß½|£��ßêýlÜ�ß½uGy,x Õ |
Û$|£��xzuG×�â¯Ü�î?ï(Ü�ß½u�Ý�Â�Ý�Ü�ï(unÜ�î?ì,Ù½x{w�Ù |���uÞ|£y{��u�|�ß âç|£ã½ã���Ü�|�w�Ù½x Õ Áµ×�Ù½u Ó,Ô½ÕêÖ yzx{ï(x.×�ÝG� ¸
Ý�uGy{u�w'×�xzÜ Õ Ü�îSà*á Ó?Ô½ÕVÖ�Ö Ý�u�|£��w�Ù½u�Ý"|£��u�ß u�Ý�wf��xz�©u�ßµ�©uGy{Ü$ì*�
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Excluded at 95% CL

DØ Run II Preliminary
-1L dt = 44.5 pb∫
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P
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d
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Standard Model
Topcolor

 Generation Modelth4

T ��U
���%� ò�¿�S t³� À�� Ô ã½ã©uG�,y{xzï(xz×_Ü Õ ×�Ù½upwG��Ü�Ý�Ý_Ý�u�w'×�xzÜ Õ ×�xzï(u�Ý_�½��| Õ w�Ù½x Õ Á\��|$×�x{Ü\Ü�î � �
öùö � � � � � ���½y}|�w�û  'Â�×�Ü#Á�uf×�Ù½uG�³ì,x.×�Ùl×�Ù½u\u)��ã©u�wf×�|£×�x{Ü Õ Ý�îü��Ü#ï ×�Ù½u(¹�×�| Õ ß½|£��ßlýRÜ ß u�y
�ü��u�ß� 'Â�Ú�Ü�ã¶wfÜ#yzÜ#�(��Á���uGu Õ  'Â½| Õ ßØîüÜ Ô ��×�ÙVÁ�u Õ uG��|$×�xzÜ Õ ï(Ü ß uGy
���½y Ô u: f�

�%��� #%� �P�!���
	> �M#�� #�� �(
 ���!���������� "
���
 � � ��� �P���&�
�^uÞã©uG��îüÜ���ï |¯Ý�u�|���w�ÙçîüÜ#�ð×�Ù½uµã½��Ü wGu�Ý�Ý �N� �	��
 � ��� 3 � � ��� �
��� � ��� � Ô Ý�x Õ ÁøÃ�ÿøã½�/.��
Ü£î"ß½|$×�|n��âl��u�ú Ô x{��x Õ ÁÞ×�Ù�uhã���u�Ý�u Õ wfu(Ü£îv×�ìvÜµuGy{u�wf×���Ü Õ Ý�Â¶ì,x.×�Ù 6 � � »�¿n| Õ ßä»�Æn�pu�ô
��u�Ý�ã�u�w'×�x{Û�u�yzâ#ÂS| Õ ß �6 � � »�¿^�pu�ôð� �^uV��u�ß Ô wGun×�Ù½uV��|�w�û�Á���Ü Ô�Õ ßçÜ���xzÁ#x Õ |$×�x Õ Áøîü��Ü#ï
÷ � ��� � .íu�Û�u Õ ×�Ý[��âð��u�È�u�w'×�x Õ Á\uGÛ�u Õ ×�Ý[îüÜ#� ì,Ù½x}w�Ù(×�Ù�u?x Õ Û$|£��x}| Õ × ï2|�Ý�Ý[Ü£î¶×�Ù½u³ß x{uGy{u�wfÇ
×���Ü Õ ã�|£x{�5x{Ý5wfy{Ü#Ý�u�×�Ü�×�Ù½u�÷ê��Ü�Ý�Ü Õ ï2|�Ý�ÝG� Ö&Õ |#ß½ß xz×�x{Ü Õ Â�ì_uv��u�È�u�w'×5ï Ô yz×�x È�uf×���|�w�û�Á���Ü Ô½Õ ß
��â³��u�ú Ô x{��x Õ Á"×�Ù�|$×�×�Ù½u�×���| Õ Ý�Û�u���Ý�u[ï2|�Ý�Ý<Ü£î ×�Ù½u�y{u�|�ß½x Õ Á�uGy{u�w'×���Ü Õ | Õ ßp×�Ù½u �6 �n��uvy{|���Á#uG�
×�Ù�| Õ »�¿ð�puGôh� & Ô �pÝ�x{Á Õ |$× Ô ��u�îüÜ#�?×�Ù�u*×�Ù½x{��ßVyzu�ã ×�Ü Õ x{Ý³| Õ x}Ý�Ü#y{|£×�u�ßn×���|#w�ûnÜ�î[|£×�y{u�|�Ý�×
¿��puGôh��$�Ühu�Û�u Õ ×�Ý"��u�ï2|£x Õ |£î�×�uG�?|�yzy�w Ô ×�Ý�Â½ì,xz×�ÙR|(ã½��u�ß x}w'×�u�ßV¹�×�| Õ ß½|���ßµýRÜ ß uGy���|�w�û�Ç
Á���Ü Ô�Õ ßVÜ£î Æ�ñ Æ � »#ñ ÃÞuGÛ#u Õ ×�Ý³| Õ ßl| Õ u�� ã©u�wf×�u�ß^¹ � ¹ � Ý�xzÁ Õ |£y�Ü£î |�ã½ã½��Ü1��x{ï2|$×�uGy{âÞÙ�|�y.î
| Õ uGÛ#u Õ ×��

�%� � ��� #�� #�� #�� � � �P�!� �
�^uµã���u�Ý�u Õ ×2|þ¹ � ¹ � Ý�u�|���w�Ùä��|�Ý�u�ßêÜ Õ uGÛ#u Õ ×�Ýhì,xz×�Ùä×�ìvÜ^ã½Ù½Ü�×�Ü Õ Ý2| Õ ßäy{|���Á#u �6 �v�
Ú"Ù½x}ÝFÝ�xzÁ Õ |$× Ô ��u(x}ÝFï(Ü£×�xzÛ$|£×�u�ß^��âl×�Ù½uÞ��| Ô Á�uØýRu�ß x}|$×�u�ßþ¹ Ô ã©uG��Ý�â�ï(ï(uf×���â %_��u�|�û�x Õ Á
� ��ý¯¹,%  5ï(Ü�ß½uGy8Â£ì,x.×�Ù Õ u Ô ×���|�yzx Õ Ü $³À�¹ · �%$�u���×�×�ÜFÀ�x{Á�Ù�×�u�Ý�×v¹ Ô ã�u���Ý�â�ïhï(uG×���x{w · |£��×�xzÇ
wfy{u: fÂ�|�Ý[ß½ufå Õ u�ß(ß Ô ��x Õ Áp×�Ù½u³¹ Õ Ü$ì,ï2|#Ý�Ý�Ç&ÿ�Æ�Æ�»�ìvÜ#��û Ý�Ù½Ü�ãµæ.»�¾�è �#�¯u?| Õ |£y{â�õGu_Ã�ÿpã½��.<�vÜ£î
ß½|£×�|½Â£| Õ ßðyzÜ�Ü�ûFîüÜ��5uGÛ#u Õ ×�Ý5ì,xz×�Ùh×�ì_Üpu�yzu�w'×���Ü#ï(|�Á Õ uG×�x}w Ü#� È�u�wf×�Ý�Â$ì,x.×�Ù Õ Üp×���|�w�û*ï2|$×�w�Ù�Â
| Õ ß 6 � � ÿ£ÆF�puGôh� Ö&Õ |#ß½ß xz×�x{Ü Õ Â�ìvup��u�ú Ô x{��u,×�Ù�|$×_×�Ù�u È�uG×�Ý_x Õ ×�Ù½upuGÛ#u Õ ×_|���u³Ü£î�Á#Ü�Ü ß
ú Ô |£y{xz×�â �ü×�ÜØu Õ Ý Ô ��uFÁ#Ü�Ü�ß��6 �äß uf×�uG��ï(x Õ |£×�x{Ü Õ Â©ì,Ù½x}w�ÙRx{Ý³��u�ú Ô x{��u�ßn×�Ün�©u � ¼#Æh�pu�ô( f�
t Ô ×�Ý�Ü Õ ×�Ù½u2Ü#ã�u Õ x Õ ÁV| Õ Á�y{uh��uG×�ìvu�u Õ ×�Ù½u �6 � | Õ ßl×�Ù½u2y{u�|�ß½x Õ ÁðÈ�uf×*î Ô ��×�Ù½uG�*��u�ß Ô wfu
��|#w�û�Á#��Ü Ô½Õ ß½Ý��½Ú"Ù½u\ß½Ü�ï(x Õ | Õ ×���|#w�û�Á#��Ü Ô½Õ ßVwfÜ#ï(u�Ý"îü��Ü�ï ï Ô yz×�x È�uf×puGÛ#u Õ ×�Ý�Â�| Õ ßVx{Ý�u�Ý�Ç
×�x{ï2|$×�u�ßµîü��Ü�ïoß�|$×�|����SxzÁ Ô ��u2»�Æ2Ý�Ù½Ü$ì?Ý"×�Ù�u Õ�Ô ï\�©uG�?Ü�î[uGÛ�u Õ ×�Ý,ã�|#Ý�Ý�x Õ Á(Ü Ô ��Ý�uGy{u�wf×�x{Ü Õ
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T ��U
�8���%� Ú"Ù½uµã�Ü#x Õ ×�Ý(Ý�Ù½Ü$ì ×�Ù½u Õ�Ô ï\�©uG�(Ü�î � � uGÛ#u Õ ×�Ýh|�Ýh|Rî Ô½Õ w'×�x{Ü Õ Ü£î��6 � �[Ú"Ù½u
Ù½x}Ý�×�Ü�Á#��|�ï x{Ý_×�Ù½u*u�� ã©u�w'×�u�ßµ��|#w�û�Á#��Ü Ô½Õ ßØîü��Ü#ï ï Ô yz×�x È�uf×³uGÛ�u Õ ×�Ý��

ã½��xzÜ#�F×�Ül×�Ù�u �6 � w Ô ×2|�Ýð|Rî Ô½Õ w'×�x{Ü Õ Ü£î��6 � wfÜ#ïhã�|£��u�ßç×�Ül×�Ù�uÞu)��ã©u�wf×�u�ßê¹�×�| Õ ß½|���ß
ýRÜ ß u�y���|#w�û�Á#��Ü Ô½Õ ß<�0�^u?Ü#��Ý�u���Û#u,Á�Ü�Ü ß(|£Á���uGu�ï(u Õ ×���uG×�ìvu�u Õ Ü Ô � ß½|£×�|F| Õ ßð×�Ù½u�¹�×�| Õ Ç
ß½|���ß^ýRÜ ß uGyvu�� ã©u�w'×�|$×�xzÜ Õ | Õ ßçÝ�uG×ð|µyzx{ï(x.×\Ü Õ ��ýø¹,% ¹ � ¹ � Ô Ý�x Õ Áµ×�Ù�uÞ¹ Õ Ü$ì,ï2|�Ý�Ý
Ý�yzÜ#ã�u�æ.»�¾�è ì,x.×�Ù��ç|#Ý�×�Ù½u"Ü Õ y{âpîü��u�uvã�|���|�ï(uf×�u���Â�ï(u�Ý�Ý�u Õ Á�u��SÝ�wG|�yzuvï2|�Ý�ÝSÝ�wG|�yzu�� , ÿ��³Â
Õ�Ô ï\�©uG�pÜ£îvïhu�Ý�Ý�u Õ Á�uG��Ý 9 � , »�Â¶��|£×�x{ÜnÜ�îvÄ?x{Á�Á�Ý�Û#uGÛ � Ý G�� �
	 , »�¿ Â¶| Õ ßl×�Ù½u(Ý�xzÁ Õ Ü£î
×�Ù�uhÄ�xzÁ#Á#Ý�x Õ ÜÞï2|�Ý�Ý�×�uG��ï 
 � Æ��<Ú"Ù½x{Ý�wGÜ�����u�Ý�ã©Ü Õ ß�Ý?×�Üµ|µò#¿�S t³� À��¶y{Ü$ìvu��³y{x{ïhxz×*Ü Õ
×�Ù�u Õ u Ô ×���|�yzx Õ Ü(ï2|�Ý�Ý_Ü£î[ó�ó*�puGôh�

�%� � #%� � � �P�M�����
�  ��/� �P��
 � ��� �J�����&�
�^uvã©uG��îüÜ���ï¡|�Ý�u�|���w�Ù�îüÜ#��å���Ý�×5| Õ ßFÝ�u�wGÜ Õ ß\Á�u Õ uG��|$×�x{Ü Õ y{uGã½×�Ü ú Ô |£��û Ý Ô Ý�x Õ Á���Ã#Æpã½�/.��
Ü£î�ß�|$×�|����^u"wfÜ Õ Ý�x}ß uG��×�Ù�uvÝ�xzï(ã½y{u�Ý�×5w�|�Ý�u x Õ ì,Ù½x}w�ÙFy{uGã ×�Ü ú Ô |£��û�Ý�|£��u ã½��Ü ß Ô wGu�ß*x Õ ã�|�xz��Ý
| Õ ßp×�Ù½u Ý�wG|�y{|���y{uGã ×�Ü�ú Ô |���û³�½��| Õ w�Ù½x Õ Á"îü��|�wf×�x{Ü Õ ×�Ü³w�Ù�|£��Á�u�ß�y{uGã ×�Ü Õ Ý�îü��Ü�ï xz×�Ý�Ü$ì Õ Á�u Õ Ç
uG��|$×�xzÜ Õ x{Ý u�ú Ô |�y�×�Ün»��N�¯u³×�Ù�uG��ufîüÜ���u?��u�ú Ô x{��u?×�Ù½u³ã½��u�Ý�u Õ wfu�Ü£î�ÿ�y{uGã ×�Ü Õ Ý �üu�x.×�Ù½uG� ��� Ü��

!
  �| Õ ßØÿ"È�uG×�Ý��N�^u���u�È�u�w'×_��|�w�û�Á���Ü Ô�Õ ß½ÝSîü��Ü�ï ÷ ��� ��� .í��âh��u�ï(Ü$Û�x Õ Á*u�Û�u Õ ×�Ý�ì,xz×�Ù
|Fß x{y{uGã ×�Ü Õ x Õ Û$|£��x{| Õ ×�ï2|#Ý�Ý_wfy{Ü#Ý�u,×�Ü\×�Ù½u*÷��©Ü#Ý�Ü Õ ï2|#Ý�Ý�Â#| Õ ßØ|£ã�ã½yzâ2|#ß½ß xz×�x{Ü Õ |�y½×�Ü#ã�Ü�Ç
y{Ü�Á�x}wG|�y#w Ô ×�ÝSÜ Õ ×�Ù½u_Ü�ã©u Õ x Õ Á�| Õ Á�y{u �©uf×�ì_uGu Õ yzu�ã ×�Ü Õ Ý5| Õ ß,È�uf×�Ý��N& Ô �5ß½|$×�|?x}Ý5wfÜ Õ Ý�x}Ý�×�u Õ ×
ì,xz×�Ù ¹�×�| Õ ß½|���ßçýRÜ ß u�y�u�� ã©u�w'×�|$×�xzÜ Õ Ý*| Õ ß Õ ÜRu�Û�x{ß u Õ wfu(îüÜ#�*yzu�ã ×�Ü ú Ô |���ûlã���Ü ß Ô wf×�x{Ü Õ
x}Ý,Ü���Ý�uG��Û�u�ß<� �SxzÁ Ô ��u2»�»FÝ�Ù½Ü$ì?Ý"×�Ù�u\ò#¿�S t³� À�� Ô ã�ã�u���y{xzï(xz×?îüÜ���×�Ù½uFy{uGã½×�Ü ú Ô |£��ûnwf��Ü#Ý�Ý
Ý�u�w'×�xzÜ Õ |#Ýp|nî Ô½Õ wf×�x{Ü Õ Ü£î y{uGã½×�Ü ú Ô |£��ûRï2|�Ý�Ý³Ü#� ×�|�x Õ u�ßRîü��Ü�ïJÜ Ô �*ß½|$×�|½� �^u(wGÜ�ï(ã�|���u
Ü Ô �,ïhu�|�Ý Ô ��uGï(u Õ ×,x Õ ×�Ù½u � | Õ ß 
 w�Ù�| Õ½Õ uGy<ì,xz×�ÙV×�Ù�u $�À-& ×�Ù½uGÜ#��uG×�x}wG|£y�w�|£y}w Ô y}|$×�xzÜ Õ Ý
îüÜ��S×�Ù½u,Ý�w�|£y}|£�Syzu�ã ×�Ü ú Ô |£��û*ã�|�xz�5ã½��Ü ß Ô w'×�xzÜ Õ wG��Ü�Ý�ÝSÝ�u�w'×�xzÜ Õ Ý�Â�| Õ ßðã½y{|#wfu"| ÕhÔ ã½ã©uG�[y{xzï(xz×
Ü Õ ×�Ù½uFå���Ý�×³| Õ ßRÝ�u�wfÜ Õ ßVÁ�u Õ uG��|$×�x{Ü Õ Ý�wG|£y}|£��yzu�ã ×�Ü ú Ô |£��ûVwf��Ü#Ý�Ý,Ý�u�w'×�x{Ü Õ Â���u�Ý�ã�u�w'×�x{Û�u�yzâ#�
� Ý�x Õ Áø×�Ù½uVyzÜ$ì_uG�h�©Ü Ô½Õ ßêîüÜ��h×�Ù½uµ×�Ù½u�Ü���uf×�x}wG|�y_wG��Ü�Ý�ÝhÝ�u�w'×�xzÜ Õ ��| Õ ßêìvuÞå Õ ß¦|øy{Ü$ì_uG�
y{xzï(xz×"Ü Õ ×�Ù½u*Ý�w�|£y}|£�"y{uGã ×�Ü�ú Ô |���û2ï2|#Ý�Ý_Ü£î_»�Å£òp�pu�ô ��å���Ý�×"Á#u Õ u���|£×�x{Ü Õ  fÂ | Õ ß¯»�¿�Å��pu�ô
��Ý�u�wGÜ Õ ßÞÁ�u Õ uG��|$×�xzÜ Õ  '�
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NLO cross section
Error Band
LO cross section
95% C.L. upper limit

 Preliminary∅D

T ��U
�8�"�"� À�ufî�×�º�ò#¿�S t³� À�� Ô ã½ã©uG��y{xzï(xz×�Ü Õ ×�Ù½u[å���Ý�×�Á�u Õ uG��|$×�x{Ü Õ Ý�wG|£y}|£�<y{uGã½×�Ü ú Ô |£��û�wf��Ü#Ý�Ý
Ý�u�w'×�xzÜ Õ | Õ ßFy{Ü$ìvu���y{xzï(xz×[Ü Õ ×�Ù½u,À'�äï2|�Ý�Ý���×�Ù½u_�½y{|#w�ûFß Ü£×�Ý5|£��u�×�Ù�uvu)��ã©uG��x{ïhu Õ ×�|£y�y{xzï(xz×
| Õ ßh×�Ù½u?��u�ßhy{x Õ u�x}Ý[×�Ù�u $�À-&ëã���u�ß x{wf×�x{Ü Õ Ü Õ ×�Ù½u�wG��Ü�Ý�Ý�Ý�u�wf×�x{Ü Õ � Ó x{Á�Ù�×�º#¹½|£ï(u?ã½y{Ü£×�îüÜ#�
Ý�u�wfÜ Õ ßÞÁ�u Õ uG��|$×�x{Ü Õ À'���½Ù�uG��u³×�Ù½u*��u�ßµyzx Õ u*x}Ý"×�Ù�u*u�� ã�u���x{ï(u Õ ×�|�y<yzx{ï(x.×p| Õ ßn×�Ù½u\�½y{|#w�û
y{x Õ u�×�Ù½u $�À-& ã½��u�ß½x{wf×�x{Ü Õ �

� � �5Í � �����"Ì�Í �
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 ��Ë�
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�^u�ã©uG��îüÜ���ï |ðÝ�u�|£��w�ÙðîüÜ#�vÀ�|£��Á�u?~ ��×���|Fà³x{ïhu Õ Ý�xzÜ Õ Ý � À�~ à( �îüÜ�y{yzÜ$ì,x Õ Á�×�Ù�u³ï(Ü ß uGy©��ufÇ
wfu Õ ×�y{â\ã½��Ü�ã©Ü#Ý�u�ßh��â ¸ ��û$| Õ x.Ç&Ä�|�ïhu�ß<Â�à³xzï(Ü#ã�Ü Ô yzÜ�ÝGÂ�| Õ ß(à³Û$|£y{x<� ¸ à³à( ³æ.»�ò�è8Â#x Õ ì,Ù�x{w�Ù
×�Ù�u�¹�×�| Õ ß�|£��ßnýRÜ ß u�y©ã�|£��×�x}wfy{u�Ý"|£��u³wGÜ Õ å Õ u�ß2×�Ü2|ðàp¼$Ç �½��| Õ u#Â#� Ô ×"Á#��|�Û�xz×�âðx}Ý"|£y{yzÜ$ì_u�ß
×�Ü*ã���Ü#ã�|£Á�|$×�u"x Õ ×�Ù½u�u���×���|�ß xzï(u Õ Ý�x{Ü Õ ÝG��Ú"Ù½u?Ý�x{Á Õ |$× Ô ��u,ì_u?Ý�u�|£��w�Ù\îüÜ#��x}Ý | Õ u)� wGu�Ý�Ý[Ü£î
Ù½x{Á�ÙVï2|�Ý�Ý,ß x{uGy{u�w'×���Ü Õ Â�ß x{ã½Ù½Ü�×�Ü Õ Ü#�?ß x{ï Ô Ü Õ u�Û�u Õ ×�Ý_×�Ù�|£×³|£��x}Ý�u�ß Ô u*×�Ü(×�Ù½uFwGÜ Ô ã�yzx Õ Á
×�ÜpÛ�xz��× Ô |£y Á���|�Û�x.×�Ü Õ Ý��:�¯u,wfÜ#ï\�½x Õ uv×�Ù½u?ß½xzu�yzu�w'×���Ü Õ | Õ ßhß x{ã½Ù½Ü�×�Ü Õ w�Ù�| Õ�Õ uGyD� ß x{~vý  ���â
Ý�uGy{u�w'×�x Õ Á\uGÛ#u Õ ×�Ývì,xz×�ÙµÿFuGy{u�wf×���Ü�ï2|£Á Õ uf×�x{w�Ü�� È�u�w'×�Ývì,xz×�Ù 6 � � ÿ#¿��puGôù| Õ ß Õ Ü\×���|#w�û
ï2|$×�w�Ùð��u�ú Ô x{��u�ï(u Õ ×��0�^u,Û�uG×�Ü�uGÛ#u Õ ×�Ý5ì,xz×�Ù(ï(Ü���u_×�Ù�| Õ ×�ì_Ü�x{Ý�Ü�y}|$×�u�ßðuGy{u�wf×���Ü�ï2|£Á Õ uf×�x{w
Ü��½È�u�w'×�ÝGÂ�| Õ ßµ��u�ú Ô x{��u�x Õ |�ß½ß xz×�x{Ü Õ �6 � O�ÿ#¿F�puGô ×�Ü2u Õ Ý Ô ��u*Á#Ü�Ü ßµß½|$×�|2ú Ô |£y{x.×�â#���½Ü#�
×�Ù�ulß xzï Ô Ü Õ w�Ù�| Õ½Õ u�y Â�ì_ulÝ�uGy{u�w'×Øu�Û�u Õ ×�Ý(ì,x.×�Ù ÿ^ï Ô Ü Õ Ý2ì,xz×�Ù � � � »�¿ä�puGôí| Õ ß
����� � Ã#ÆÞ�pu�ôð�'�½Ü#�*��Ü�×�Ùþw�Ù�| Õ�Õ uGy}Ý�ìvu(u�Ý�×�xzï2|$×�u(×�Ù½u2x Õ Ý�×�� Ô ï(u Õ ×�|�y[��|�w�û�Á#��Ü Ô½Õ ß½Ý
ß x{��u�w'×�yzâ2îü��Ü�ïoß½|$×�|h| Õ ßÞ×�Ù½u*ã�Ù�â Ý�x{w�Ý"��|�w�û�Á#��Ü Ô½Õ ß(îü��Ü�ï ýRÜ Õ ×�u\t_|���y{Ü��

Ú"Ù½u"u 0¶u�wf×�ÝSÜ£î¶À�|£��Á�u_~ ��×���|�à³x{ïhu Õ Ý�xzÜ Õ Ý5|£��uvã�|���|�ï(uf×�u���x{õGu�ß*Û�x{|p|pÝ�x Õ Á�y{u_Û�|���x}|£��yzu7�� ,�
����
Â½ì,Ù½u���u��¡x}Ý,|(ß x{ïhu Õ Ý�xzÜ Õ yzu�Ý�Ý"ã�|£��|£ï(uf×�uG�"Ü£îSÜ���ß uG� �¡»�Â½| Õ ß 7�� ß u�Ý�wG��x{��u�Ý

×�Ù�u?Ý�×���u Õ Á£×�ÙðÜ�î�Á���|�Û�x.×�â*x Õ ×�Ù½u,ã½��u�Ý�u Õ wfu"Ü£î¶À�~ àð�#�^u,| Õ |�yzâ�õGu_×�Ù½u?ß½|$×�|px Õ |pã½y{| Õ u,Ü£î
ÿ�Û�|���x}|£��yzu�Ý�×�Ù�|$×�wfÜ#ï(ã½yzuG×�u�yzâFß uG×�u���ï(x Õ u ×�Ù½u?ÿ � ÿ³Ý�w�|$×�×�uG��x Õ Á�º�×�Ù½u"x Õ Û$|���x}| Õ ×�ï2|#Ý�ÝSÜ£î
×�Ù�u y{uGã ×�Ü Õ ã�|�xz�S| Õ ß*×�Ù½u_wfÜ#Ý�x Õ u�Ü£î ×�Ù½uvÝ�wG|£×�×�uG��x Õ Á³| Õ Á#yzu�x Õ ×�Ù½u"tvu Õ ×�uG��Ü£î�ýl|#Ý�Ý�îü��|�ïhu#Â
��� +�� ) � ��x{Á Ô ��uí»�ÿnÝ�Ù½Ü$ì?Ý?×�Ù½x}Ý*ÿ�Ç&à ß x{Ý�×���x{� Ô ×�x{Ü Õ Ý?îüÜ#��ß�|$×�|�Â���|�w�û�Á���Ü Ô½Õ ß½Ý?| Õ ßøÀ�~và
Ý�xzÁ Õ |£y8�0�¯u?×�Ù½u Õ ã�u���îüÜ#��ï |Fÿ�ß½xzï(u Õ Ý�x{Ü Õ |�y å½× Ü Õ Ü Ô ��ß½|£×�|�x Õ ×�Ù½u?ß½xzy{uGã ×�Ü Õ x Õ Û�|���x}| Õ ×
ï2|�Ý�Ý Û Ý�� ��� +�� ) ã½y{| Õ u³×�Ü(|\wfÜ#ï\�½x Õ |£×�x{Ü Õ Ü�î�À�~và Ý�x{Á Õ |�y � ��|�w�û�Á���Ü Ô½Õ ß<Â#| Õ ßØÜ#� ×�|�x Õ
| ÕÞÔ ã½ã©uG�,y{xzï(xz×?Ü Õ ×�Ù½u�Û$|£y Ô u�Ü£î 7�� �½Ú"Ù½x}Ý_yzx{ï(x.×?x}Ý_×�Ù½u Õ ×���| Õ Ý�y{|£×�u�ßnx Õ ×�Üh|(ò#¿�S t³� À �
y{Ü$ìvu��,yzx{ï(x.×pÜ Õ ×�Ù½u\î Ô½Õ ß½|�ï(u Õ ×�|�y · y}| Õ w�ûnÝ�w�|£y{u ���VîüÜ#��Û$|£��x{Ü Ô Ý_îüÜ#��ï2|£y{x}Ý�ï2ÝFæ ÿ£Æ�è Â�|#Ý
Ý Ô ï(ï(|���x{õGu�ßµx Õ ÚS|£�½y{u*Ã��©Ú"Ù½uFß x}~ ýíyzx{ï(x.×px{Ý�wfÜ�ï(ã�|���|��½y{u³×�Ü(×�Ù½uðà�á Ó,Ô½ÕVÖ ��u�Ý Ô y.×�Â
| Õ ßh×�Ù½upß xzï Ô Ü Õ w�Ù�| Õ½Õ u�y�x}Ý Õ uGì�|$×_Ù�|�ß ��Ü Õ wGÜ�y{yzx}ß uG��Ý�� %_Ü£×�Ù2��u�Ý Ô yz×�Ýv|£��u�wfÜ#ï(ã�uG×�xz×�x{Û�u
ì,xz×�ÙRÀ�~ · �
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SM Prediction DØ Run
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DataII Preliminary
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ED Signal

diEM Mass, GeV    

0 200 400 600

* 
   

  
θ

co
s

0
0.2
0.4
0.6
0.8
1

E
ve

n
ts

10
-2

10
-1

1

10

10
2

QCD Background

T ��U
�8� ��� ß x}~ ýrï2|�Ý�Ýv|#Ý |�î Ô�Õ w'×�xzÜ Õ Ü£î � � + � ) îüÜ#�_¹�×�| Õ ß�|£��ß2ýRÜ ß uGy©��|�w�û�Á#��Ü Ô½Õ ß ��×�Ü�ã
y{ufî�×! fÂ©ß�|$×�| ��×�Ü#ãl��xzÁ#Ù#×? 'Â©À�~ àYÝ�x{Á Õ |£y�îüÜ#� 7 � ,ùÿ ñ Æ � ¹�×�| Õ ß½|���ßRýRÜ ß u�y���|�w�û�Á���Ü Ô½Õ ß
�ü�©Ü£×�×�Ü#ï y{ufî�×! fÂ�| Õ ßnx Õ Ý�×�� Ô ï(u Õ ×�|�y<��|�w�û�Á#��Ü Ô½Õ ß ����Ü�×�×�Ü�ï ��x{Á�Ù�×! f�

� �øÍ½Î

�� ��Ñ©Ì 
���Î�Í���Ò�������� � ��� 
�Ò�Ñ 
��SÌêÌ � � ���	� �SÌ Í½Î Ë

&³Û�u���×�Ù½u2y}|�Ý�×�â#u�|���Ý�Â©|VÝ�uG��xzu�ÝpÜ£î_Ý�× Ô ß xzu�Ý2æ ÿ½»£Â�ÿ�ÿ Â�ÿ£¼�è�Ù�|�Û#uðu)� ã½yzÜ#��u�ßR×�Ù½u2ã�Ü�×�u Õ ×�x{|�y
Ü£î¶×�Ù½upÚ�uGÛ$|£×���Ü Õ ×�Ü\ã½��Ü ß Ô wfu�ã�Ù�â Ý�x{w�Ý���u�Ý Ô yz×�Ý��©ufîüÜ#��u�×�Ù½upÀ�Ä�tä��u�wfÜ�ï(u�Ý�Ü�ã©uG��|$×�xzÜ Õ |£y8�
Ö&Õ ×�Ù½x}Ý,Ý�u�w'×�x{Ü ÕÞÖ Ý Ô ï(ï2|£��xzõ�upÝ�Ü�ï(upÜ£î�×�Ù½u�Ý�u�u�� ã�u�w'×�|$×�x{Ü Õ Ý îüÜ#�,|\��| Õ Á#u�Ü�î�x Õ ×�uGÁ#��|£×�u�ß
y Ô ï(x Õ Ü�Ý�xz×�âéîü��Ü�ï ¼�Æ#Æ�ã½�/.��l×�Ü »�¿�îü�/.<�$� Ö ìvÜ Ô y}ßëy{xzû#uø×�Üäu�ïhã�Ù�|�Ý�xzõ�uø×�Ù�|$×Rï(Ü#Ý�×
Ü£î³×�Ù½u¯Ý�× Ô ß x{u�Ý2��u�Ý Ô yz×�x Õ Áçx Õ ×�Ù�uRã½��u�ß x}w'×�u�ß Ô½Õ wfu���×�|£x Õ ×�x{u�Ý2| Õ ßä��u�|#w�Ù½u�Ýhï(u Õ ×�xzÜ Õ u�ß
�©uGy{Ü$ì*Â�wfÜ Õ Ý�x}ß u��[×�Ù½u���u�Ý Ô yz×�Ýv|�Ý[Ü#� ×�|�x Õ u�ßh��âðÜ Õ u?ß uf×�u�wf×�Ü��_| Õ ßh��âhu���×���|£ã©Ü�y}|$×�x Õ Áp×�Ù½u
| Õ |£y{â�Ý�u�Ý\ï(uf×�Ù�Ü�ß�Ý Ô Ý�u�ß x ÕäÓ,Ô�ÕäÖ �-�^uÞ×�Ù½uG��ufîüÜ#��uÞu�� ã©u�w'×(x{ïhã���Ü$Û#uGï(u Õ ×�ÝðÜ$Û�u��F×�Ù½u
ú Ô Ü£×�u�ß^Û$|£y Ô u�ÝF��â¯wfÜ�ïð�½x Õ x Õ ÁV×�Ù½uØ��u�Ý Ô yz×�Ý�Ü#� ×�|�x Õ u�ß^��âø×�Ù½uØ×�ìvÜVu�� ã©uG��xzï(u Õ ×�ÝGÂ�| Õ ß
��â Ô Ý�x Õ Á(|#ß Û$| Õ wGu�ßµ| Õ |�yzâ Ý�u�Ýv×�u�w�Ù Õ x}ú Ô u�Ý��

�%��� � �! "� �F���8���  �	�
�� � ����� �
�(���
�*t_à È�uf×Fã½��Ü ß Ô wf×�x{Ü Õ x}Ýp×�Ù�u(ß½Ü�ï(x Õ | Õ ×pã���Ü wfu�Ý�Ýpx Õ � �^wGÜ�y{yzx}Ý�xzÜ Õ ÝGÂ<| Õ ß¯|#Ý�Ý Ô w�Ù�Â¶w�| Õ
�©uøÝ�× Ô ß x{u�ß�x Õ ß uG×�|£x{y�ì,xz×�Ù yzx{ï(x.×�u�ß�x Õ ×�uGÁ#��|£×�u�ßäy Ô ï(x Õ Ü#Ý�x.×�â#�vÚ�uGÛ$|$×���Ü Õ � Ý2û�x Õ u�ï2|$×�x}w
��u�|�w�Ù^Ü£î,ï(u�|#Ý Ô ��u�ïhu Õ ×�Ý*Ù�|�Û#u(ã½��Ü$Û#u Õ ×�Ül�©unwGÜ�ï(ã½y{uGï(u Õ ×�|���âø×�ÜV×�Ù½Ü#Ý�u2îü��Ü�ïBÜ�×�Ù½u��
|�w�wfu�yzu���|£×�Ü���Ý�Â�|#Ý�wG| Õ ��u�Ý�uGu Õ x Õ �Sx{Á Ô ��u*»�¼�� ¸ y{��u�|�ß âðx Õ2Ó,Ô�ÕØÖ Â'È�uf×_Ý�× Ô ß x{u�Ý�ì_uG��u Ô Ý�u�ß
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L #F2�G � ��� .<�) � Ó � Ä³À��SÂ Õ ,�ÿ Ä�À��SÂ Õ ,*Å Ä�uGì_uf×�×�Â���, � »
ß x}~ ý ¿£Æ »#�z»�ÿ »#�z»�ó Æ½� ¾�ò »
ß x{ï Ô Ü Õ ¼�Æ Æ��
Å£ò Æ�� ó#¾ Æ½� ó�¼ Æ½�=Å�»

* �,+��(� �%� À�Ü$ì_uG�_yzx{ï(x.×�Ý"Ü Õ ×�Ù½upî Ô½Õ ß�|£ï(u Õ ×�|�y · y}| Õ w�û2Ý�wG|£y{u����Þx Õ Ú�u�ô |#Ý_Ü�� ×�|£x Õ u�ß
îü��Ü�ï ×�Ù½uFß x}~ ýí| Õ ßVß x{ï Ô Ü Õ w�Ù�| Õ½Õ u�y{Ý_îüÜ#�,Û$|£��xzÜ Ô Ý,À�~và îüÜ���ï(|�yzx}Ý�ï(Ý��

×�ÜF×�u�Ý�× �*t_à |$× Ù½x{Á�Ù�uG��ã½��u�wGx{Ý�x{Ü Õ Â�|#Ý�x Õ ã Ô × ×�Ü · à��¯å½×�ÝGÂ�| Õ ßh×�Ü\Ý�uG× y{xzï(xz×�Ý�Ü Õ ú Ô |£��û
wfÜ#ï(ã�Ü�Ý�xz×�u Õ u�Ý�ÝG�
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DØ Central + Forward Jets

CDF/DØ Central Jets
ZEUS 95 BPC+BPT+SVTX &
H1 95 SVTX + H1 96 ISR
ZEUS 96-97 & H1 94-97 prel

E665

CHORUS

CCFR

JINR-IHEP

JLAB E97-010

BCDMS

NMC

SLAC

T ��U
�8� �%��� x Õ uGï2|$×�x{w¯��u�|�w�ÙëÜ�î\ï(u�|#Ý Ô ��uGï(u Õ ×�Ý2îü��Ü�ï ß x 0¶uG��u Õ ×VwGÜ�y{yzx}ß u���Ýµ| Õ ßëå � u�ß
×�|���Á#uf×,u�� ã©uG��xzï(u Õ ×�Ý"x Õ ×�Ù½u*ã½y}| Õ u*Ü�î�×�Ù�uFÝ�ú Ô |���u�Ü£î�×�Ù½u\ïhÜ#ï(u Õ × Ô ï ×���| Õ Ý�îüuG��� 3 Û Ý��
×�Ù�u*ã�|£��×�Ü Õ ï(Ü�ï(u Õ × Ô ï îü��|�wf×�x{Ü Õ�� �

Ö&Õ |�ß�ß x.×�xzÜ Õ ×�Ü?ã���Ü#�½x Õ Á �*t_à\Â�ï Ô yz×�x È�uf×5��|#w�û�Á#��Ü Ô½Õ ß<Âf| Õ ß"È�uG×�Ý�ã���Ü ß Ô wGu�ß�×�Ü�Á#uf×�Ù�uG�
ì,xz×�Ùé| ö Ü��2|ç÷o�©Ü#Ý�Ü Õ ÂS��uGã���u�Ý�u Õ ×h×�Ù�uµy}|£��Á�u�Ý�×(Ý�Ü Ô ��wfu�ÝhÜ�î���|�w�û�Á#��Ü Ô½Õ ßçîüÜ#�(| Õ â
| Õ |£y{â�Ý�u�ÝFx Õ Û�Ü#yzÛ�x Õ ÁRuGy{u�wf×���Ü Õ Ý\Ü��ðï Ô Ü Õ Ý � È�uG×�Ý�Â�y{xzû#uØ×�Ü�ã�Â5Ä?x{Á�Á�Ý\| Õ ßþÝ�u�|£��w�Ù½u�Ý�îüÜ#�
Õ u�ìJã½Ù½u Õ Ü�ï(u Õ |�� Ö ×µx{Ýn×�Ù½u���uGîüÜ���uøwf� Ô wGx{|�y,×�Üê×�Ù½Ü#��Ü Ô Á�Ù½y{â Ô½Õ ß u���Ý�×�| Õ ß�| Õ ßëïhÜ ß u�y
×�Ù�u�Ý�u2ã½��Ü wGu�Ý�Ý�u�Ý�×�Ù�|$×Fx Õ Û�Ü#yzÛ#u�È�uG×�Ý�×�ÜR��u�yzx}|£�½y{u(u�Ý�×�x{ï2|$×�u(×�Ù½u2��|#w�û�Á#��Ü Ô½Õ ß½Ý³×�ÜµÜ�×�Ù½u��
Ý�xzÁ Õ |$× Ô ��u�ÝG�#& Õ Á#Ü�x Õ Á�u�0©Ü#��×�Ý�×�Ü�×�Ù�|$×[u�0©u�w'×?æ ÿ£Ã$è Ù�|�Û�uvyzu�|�ß\×�Üpu��½wfu�yzy{u Õ ×5Ü�ã½ã©Ü���× Ô�Õ x.×�xzu�Ý
îüÜ��,x Õ ×�u���|#w'×�x{Ü Õ ��uG×�ìvu�u Õ ã½Ù½u Õ Ü�ï(u Õ Ü�y{Ü�Á#x{Ý�×�Ý"| Õ ßÞu)� ã�u���x{ï(u Õ ×�|�yzx}Ý�×�ÝG�
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�%� � � �! "� �F���8���  "
��-�(���8���! �� � ��
 �"��0����(�8�
�^uØu�� ã©u�w'×hÝ�x{Á Õ xzå�w�| Õ ×Fxzï(ã½��Ü$Û�u�ï(u Õ ×�Ý�Ü Õ ×�Ù½u ö �©Ü#Ý�Ü Õ | Õ ß¯×�Ù½u2×�Ü#ã ú Ô |£��ûlï2|�Ý�Ý
ï(u�|#Ý Ô ��uGï(u Õ ×�ÝGÂ©×�Ù�|$×FwG| Õ �©u Ô Ý�u�ßø×�ÜVã½y}|�wGuhwGÜ Õ Ý�×���|£x Õ ÝpÜ Õ ×�Ù½uØÄ�xzÁ#Á#Ýp�©Ü#Ý�Ü Õ ï2|#Ý�Ý��
à Ô ��x Õ Á Ó?Ô½ÕëÖ Â�×�Ù½u ö �©Ü#Ý�Ü Õ ï2|�Ý�Ý2ï(u�|#Ý Ô ��u�ïhu Õ ×nì_|#Ý2ã©uG��îüÜ���ïhu�ßéì,x.×�ÙëÛ$|£��xzÜ Ô Ý
ï(uf×�Ù½Ü ß½Ýp×�Ù�|£×FÙ�|�ß^ß x 0©u���u Õ ×p×���|#ß uGÜ80¶Ý��©uf×�ì_uGu Õ Ý�×�|£×�x}Ý�×�x{w�|£y�| Õ ß¯Ý�â Ý�×�uGï2|$×�x{w Ô½Õ wGuG��Ç
×�|�x Õ ×�xzu�ÝG�¶Ú"Ù½uh×�Ü#ãøú Ô |£��ûVï(|#Ý�Ý³ï(u�|#Ý Ô ��uGï(u Õ ×�x}Ý�u)��ã©u�wf×�u�ßl×�ÜµwGÜ Õ ×�x Õ�Ô uF×�ÜÞ�©uhß½Ü�ïhÇ
x Õ |$×�u�ßl��âV×�Ù½uhÝ�â Ý�×�uGï2|$×�x{w Ô½Õ wGuG��×�|�x Õ ×�âVÜ Õ ×�Ù½u Q�uG×�~ Õ uG��Á�âl¹ w�|£y{u�Â©ì,Ù½x}w�Ùøï(xzÁ#Ù�×p�©u
û Õ Ü$ì Õ ×�Ü\|Fã½��u�wfx}Ý�x{Ü Õ Ü�î¶y{u�Ý�Ý5×�Ù�| Õ »��pu�ô Ô Ý�x Õ Áð÷ � � �êu�Û�u Õ ×�ÝG�#Ú�|��½yzup¿�Ý�Ù½Ü$ì?Ý�u���Ç
ã©u�w'×�u�ß Ô½Õ wGuG��×�|£x Õ ×�x{u�Ý îüÜ��_×�Ù�u ö ��Ü�Ý�Ü Õ | Õ ßØ×�Ù½u�×�Ü�ãVú Ô |£��û(ï(|#Ý�ÝvîüÜ#�,ÿð| Õ ßl»�¿�îü�/.��
Ü£î"x Õ ×�uGÁ#��|£×�u�ß^y Ô ï(x Õ Ü#Ý�x.×�â¦æ ÿ#¿�è8�'�SxzÁ Ô ��uR»�ÃlÝ�Ù�Ü$ì?Ýp×�Ù½uØu)�½wfy Ô ß u�ßþÄ�xzÁ#Á#Ý��©Ü#Ý�Ü Õ ï2|�Ý�Ý
��| Õ Á#uØîü��Ü�ï ×�Ù�uµÁ#yzÜ#��|£y_uGy{u�wf×���Ü$ìvu�|£û^å½× Ô Ý�x Õ Áø×�Ù½uRw Ô ����u Õ ×(wGu Õ ×���|£y_Û$|£y Ô u�ÝðîüÜ��h×�Ù½u
ö ��Ü�Ý�Ü Õ | Õ ß¯×�Ù�u2×�Ü#ã ú Ô |£��ûlï2|�Ý�ÝGÂ�� Ô ×ðu)��ã©u�wf×�u�ß Ô½Õ wfu���×�|£x Õ ×�x{u�Ý*Ü�î,ÿ�ÆRýRuGô | Õ ß
»?�puGôhÂ���u�Ý�ã�u�w'×�xzÛ#uGy{â��

L #F2�G � ��� .<�) A � � A � = ��y � È�uG×�Ý! A � = ��ß x{y{uGã ×�Ü Õ Ý! 
ÿ³îü��.<� ÿ#Å³ýRu�ô ÿ ñ=Åp�puGô ÿ ñ ¾*�puGô
»�Æ³îü�/.<� »�¾�ýRu�ô »�ñ ó*�puGô »�ñ ó*�puGô

* �,+��(� �/� ~ � ã�u�w'×�u�ß Ô½Õ wGuG��×�|�x Õ ×�x{u�Ý?îüÜ��³×�Ù½u ö ��Ü�Ý�Ü Õ | Õ ßV×�Ü#ãøú Ô |£��ûÞï2|#Ý�Ý?îüÜ��?×�ì_Ü
ß x 0©u���u Õ ×*|�ï(Ü Ô½Õ ×�Ý�Ü�îvx Õ ×�uGÁ#��|£×�u�ßøy Ô ï(x Õ Ü#Ý�x.×�â#Â<u���×���|£ã©Ü�y}|$×�x Õ ÁÞîü��Ü�ï Ô½Õ wfuG��×�|�x Õ ×�xzu�Ý³x Õ
×�Ù�u Ó,Ô�ÕnÖ | Õ |£y{â�Ý�u�Ý��#Ú"Ù�u³Û$|£y Ô u�Ýv|���u?ã©uG�"u)��ã©uG��x{ïhu Õ ×_| Õ ßØß Ü Õ Ü£×_x Õ wGy Ô ß u³x{ï(ã½��Ü$Û�u�ß
| Õ |£y{â�Ý�u�Ýv×�u�w�Ù Õ x}ú Ô u�Ý"�©uGx Õ ÁØß u�Û�u�yzÜ#ã�u�ß¯æ ÿ£ó�è �

�%� � � � �!�&�'��#%� �P�!� ���&� 	> ��� ����� ��U"U�� �; ��  �

Ú"Ù½u*Ä?x{Á�Á�Ý,ß x}Ý�wGÜ$Û�uG��â2ã©Ü£×�u Õ ×�x}|£y�|$×"×�Ù½uFÚ�u�Û$|$×���Ü Õ Ù�|#Ý"��u�u Õ uGÛ$|£y Ô |£×�u�ßÞx Õ ß½uGã ×�Ùçæz»GÃ�è
Ô Ý�x Õ Án|(ã�|£��|£ï(uG×�uG��x{õGu�ßVß uG×�u�w'×�Ü#�³Ý�xzï Ô y}|$×�x{Ü Õ ×�Ù�|$×�|�Ý�Ý Ô ï(u�ßµ|�Û#uG��|£Á#u�ßÞã½��Ü#ã�u���×�xzu�Ý,Ü£î
×�Ù�uØà�á | Õ ß t_à � ß uG×�u�wf×�Ü#��Ý���Ú"Ù½u2wfÜ Õ wfy Ô Ý�xzÜ Õ Ü�îv×�Ù½uØÝ�× Ô ß âlì"|�Ýp×�Ù�|$×\|R¿ 4 Ä�xzÁ#Á#Ý
�©Ü#Ý�Ü Õ ß x}Ý�wGÜ$Û�uG��â ì_Ü Ô y}ß¦��u¯ã�Ü�Ý�Ý�x{�½yzuVîüÜ#� ��� , »�ÿ�Æ¦�pu�ôBì,xz×�Ù |çy Ô ï(x Õ Ü#Ý�x.×�â¦Ü£î
»�¿Øîü�/.��ðîü��Ü#ïBu�|�w�Ùçu�� ã©uG��xzï(u Õ ×\| Õ ß¯×�Ù½unwGÜ�ïð�½x Õ |$×�x{Ü Õ Ü�îv×�Ù½unß½|£×�|µîü��Ü�ï ß½x10¶uG��u Õ ×
w�Ù�| Õ½Õ uGy}Ý��½Ú"Ù½u���u�|�w�ÙµÜ Õ Ä?x{Á�Á#Ý"�©Ü#Ý�Ü Õ ß x}Ý�wGÜ$Û�u���â(x}Ý?w Ô ����u Õ ×�y{âØ�©uGx Õ Á(��u�uGÛ$|£y Ô |$×�u�ßÞ��â
�©Ü£×�ÙRu)� ã�u���x{ï(u Õ ×�Ý���Ú"Ù½uð��u�Ý Ô y.×�Ý,Ü£î[×�Ù½x{Ý Õ uGì¡Ý�× Ô ß âÞx}Ý?u)� ã�u�w'×�u�ßV×�Ün��uð��u�|�ß âÞx Õ ×�Ù½u
Õ u�|£�_î Ô × Ô ��u#�

�%� � *  � �/���P��
 �"��0�� ���8��� �! "U � � �
Ú"Ù½uhÚ�u�Û�|£×���Ü Õ wGÜ�y{yzx}ß uG�pì,x{yzyS��u�ï2|£x Õ ×�Ù½uhÜ Õ y{âRÝ�Ü Ô ��wfuFÜ�î[×�Ü�ã¯ú Ô |£��û�Ý Ô½Õ ×�x{y�×�Ù½u(À�Äpt
�©u�wfÜ#ï(u�Ý�Ü#ã�u���|£×�x{Ü Õ |�y ��Ú"Ù½u,×�Ü�ãnú Ô |���ûhì_|#Ý ß x}Ý�wfÜ$Û�u���u�ßhx Õ »�ò�ò�¿p��â(à*á | Õ ßÞt_à �^Ü Õ
×�Ù�uF��|�Ý�u�Ý"Ü�î�|hîüuGì ×�u Õ Ý,Ü£î[u�Û�u Õ ×�ÝG� Ó?Ô½ÕRÖ�Ö Á�x{Û�u�Ý Ô Ý"×�Ù½uFÜ�ã�ã�Ü#��× Ô½Õ xz×�âØ×�ÜÞÝ�× Ô ß âØ×�Ù½x}Ý
Ô½Õ x}ú Ô uVú Ô |£��û¯ì,xz×�Ù¦| Õ u)��ã©u�wf×�u�ßêÝ�×�|$×�x{Ý�×�x}wGÝðÜ£î�×�Ù½Ü Ô Ý�| Õ ßþÜ�î�uGÛ#u Õ ×�Ý�Â�|#Ý\ì_unu)��ã©u�wf×
×�Ü¯wfÜ�y{y{u�w'× �r¿£Æ�ÆV�½Ç ×�|£Á�Á#u�ß G G uGÛ#u Õ ×�Ý\ã�u��\îü�/.��(x Õ ×�Ù�uny{uGã ×�Ü Õ � È�uf×�ÝFå Õ |£y"Ý�×�|$×�u#�
Ú"Ù½uð¹�×�| Õ ß½|£��ßRýRÜ ß uGySã½��u�ß x}w'×�Ý?×�Ù�|$×�×�Ü�ã¯ú Ô |£��û�Ý�|£��u\wf��u�|£×�u�ßVÛ�x}|(×�ì_ÜØx Õ ß uGã©u Õ ß½u Õ ×
ã½��Ü ß Ô w'×�xzÜ Õ ï(u�w�Ù�| Õ x}Ý�ï2Ýpx Õ Ù�|#ß ��Ü Õ wGÜ�y{yzx}ß u���Ý��<Ú"Ù½uðã���x{ï2|£��âRïhÜ ß u#Â<x Õ ì,Ù½x}w�Ù^| G G
ã�|�xz�"x}Ývã���Ü ß Ô wGu�ßnÛ�x}|\×�Ù½u*Ý�×���Ü Õ Áhx Õ ×�uG��|�w'×�xzÜ Õ Â�ì_|#Ý Ô Ý�u�ßØ��ânà*á | Õ ßRt_à �ç×�Ühu�Ý�×�|�� Ç
y{x{Ý�Ùø×�Ù½u(u�� x}Ý�×�u Õ wGuhÜ�î�×�Ù�u(×�Ü�ãçú Ô |£��ûVx Õ »�ò#ò#¿½Â¶| Õ ßlï(u�|�Ý Ô ��uhxz×�Ý�ï2|�Ý�ÝG�<Ú"Ù½u2Ý�u�wGÜ Õ ß

.0/1/�2�354141617�8:9<;>=?20@A7�80B1C:@D;FE0C141607�8:9A40=�C1@1GA7:H�C#41I1J)K#@�8AL16#=:4NM!OPM�O0Q1407)81E0C:RD;F.0/?ST6



� ��
���>$��� ��%&��/
��%�-�>��(�<	���%&! ��
���%��}�G	��_�=C�+�² ´ ��+£)�%&�=
�% -G� �?� ª �

T ��U
�8� �
� À�ufî�×�ºSw Ô ����u Õ ×Fx Õ ß x{��u�w'×hyzx{ï(x.×hÜ Õ ×�Ù½uÞÄ�xzÁ#Á#ÝF�©Ü#Ý�Ü Õ ï2|�Ý�Ý*îü��Ü�ï ×�Ù�unÁ�y{Ü���|£y
å½×ð×�Ülu�yzu�w'×���Ü$ì_u�|£û¯ã�|£��|£ï(uG×�uG��Ý�� Ó x{Á�Ù�×�ºSu�� ã©u�w'×�u�ßþy{x{ïhxz×ðÜ Õ ×�Ù½uµÄ?x{Á�Á�ÝF�©Ü#Ý�Ü Õ ï2|�Ý�Ý
|�Ý�Ý Ô ï(x Õ ÁØ×�Ù½uhw Ô ����u Õ ×³wfu Õ ×���|�y�Û$|£y Ô u�Ý,îüÜ�� � � | Õ ß�� = Â�� Ô ×p��u�ß Ô wfu�ß Ô�Õ wfu���×�|£x Õ ×�xzu�Ý
Ü£î[ÿ£Æ�ýRu�ôùîüÜ��,×�Ù½u ö �©Ü#Ý�Ü Õ ï2|�Ý�Ý,| Õ ß¯»��puGô¡îüÜ��"×�Ù�u�×�Ü�ãRú Ô |���û2ï2|�Ý�Ý��

ã½��Ü ß Ô w'×�xzÜ Õ ïhÜ ß u,Ü�î�×�Ü�ãØú Ô |���û Ý[|$×�Ù�|�ß ��Ü Õ wfÜ#yzy{x{ß½uG��Ý5x{Ý5×�Ù½u?u�yzu�w'×���Ü$ì_u�|£û*ã���Ü ß Ô wf×�x{Ü Õ
Ü£î |nÝ�x Õ Á�y{uF×�Ü�ãøú Ô |���ûÞîü��Ü�ïr| ö G ��Û#uG��×�u��<�©Ú"Ù½u\ã½��u�ß½x{wf×�u�ßøwf��Ü#Ý�Ý?Ý�u�w'×�xzÜ Õ îüÜ��pÝ�x Õ Á�y{u
×�Ü#ã2ã½��Ü�ß Ô w'×�xzÜ Õ x{Ý_|£�©Ü Ô ×vÙ�|£yzî<×�Ù�|£×vÜ�î G G ã�|�xz��Ý�Â�� Ô ×v×�Ù½upÝ�x{Á Õ |£yzÇ ×�Ü£Ç ��|�w�û�Á���Ü Ô�Õ ßF��|$×�xzÜ
x}Ý"ï Ô w�ÙVì_Ü���Ý�u#�P�^u*u�� ã©u�wf×_×�Ü2Ü���Ý�uG��Û�u�Ý�x Õ Á#yzup×�Ü�ãµã½��Ü ß Ô w'×�x{Ü Õ ì,xz×�Ùç»_îü�/.<��Ü£îSß�|$×�|�Â
x Õ ��Ü�×�ÙR×�Ù½u G | Õ ßV×�Ù½u;+ðw�Ù�| Õ½Õ u�y �©~ ��×���|�wf×�x Õ ÁØ|ØÝ�x Õ Á�y{u*×�Ü#ãlÝ�x{Á Õ |£× Ô ��u*ì_Ü Ô y}ßV��uh| Õ
x Õ ß uGã©u Õ ß u Õ ×�wfÜ Õ å���ï(|£×�x{Ü Õ Ü£î½×�Ù½u_×�Ü�ã(ú Ô |£��û�u�� x}Ý�×�u Õ wGu"| Õ ß\|³ï(u�| Õ Ý�×�Ü�ï(u�|�Ý Ô ��u�×�Ù½u
t_|£��xz�½�©Ü£Ç � Ü���|�â#|�Ý�Ù½xzÇ ýø|�Ý�û�|�ì"| �8t � ý  pï(|£×���x �^uGy{uGï(u Õ ×�� G ��Â�| Õ ßçÝ�× Ô ß âl×�Ù½u ö G �
wfÜ Ô ã½y{x Õ Á���ýRu�|�Ý Ô ��x Õ ÁV×�Ù½unÝ�x Õ Á�y{u(×�Ü�ã ú Ô |���û¯ã½��Ü�ß Ô w'×�xzÜ Õ wG��Ü�Ý�Ý\Ý�u�w'×�x{Ü Õ x}Ý\|�y{Ý�ÜRwf� Ô Ç
wfx}|£y¶x ÕÞÔ�Õ ß uG��Ý�×�| Õ ß x Õ Á\×�Ù½u���|�w�û�Á���Ü Ô�Õ ß½Ý ×�Ü(Ý�u�|£��w�Ù½u�Ý îüÜ��"×�Ù½u*Ä?x{Á�Á#Ý %_Ü#Ý�Ü Õ | Õ ß Õ uGì
ã½Ù�â Ý�x}wGÝ���u�â�Ü Õ ßh×�Ù½u�¹�×�| Õ ß½|£��ß2ýRÜ ß u�y ��Ú�|��½yzu³óFÝ Ô ïhï2|���x{õGu�Ý�u�� ã©u�wf×�u�ß Ô�Õ wfu���×�|£x Õ ×�xzu�Ý
Ü Õ ×�Ù½uÞÝ�x Õ Á�y{u2×�Ü#ã ã½��Ü ß Ô w'×�xzÜ Õ wf��Ü#Ý�ÝFÝ�u�w'×�xzÜ Õ | Õ ß�� G �hîüÜ��(ÿR| Õ ßé»�¿µîü�/.��(Ü�î?x Õ ×�uGÇ
Á���|$×�u�ßøy Ô ï(x Õ Ü#Ý�xz×�âäæ ÿ#Å�è � Ö&Õ |�ß½ß½x.×�xzÜ Õ Â<ìvu2u)� ã�u�w'×*×�ÜVï(u�|#Ý Ô ��u G G Ý�ã½x Õ wGÜ�����u�y{|£×�x{Ü Õ Ý
ì,xz×�Ùþÿ2îü�/.��ðÜ£î"ß½|$×�|½Â¶×�Ù�|$×*ìvÜ Ô y}ß¯|�yzy{Ü$ì Ô Ýp×�ÜVß½x{Ý�×�x Õ Á Ô x{Ý�Ù�Â�|£×p×�Ù½unÿ 4 yzu�Û�u�y Â<xzî ×�Ù½u
×�Ü#ã ú Ô |£��ûøx}ÝFx Õ ß u�u�ßç×�Ù½uÞÝ�ã½x Õ �3 ã�|���×�x{wGyzu2×�Ù½uµ¹�×�| Õ ß½|£��ßçýRÜ ß uGy_ã½��u�ß x}w'×�ÝG�<�¯uØì,x{y{y
|£y}Ý�Üðy{Ü�Ü�û2îüÜ#� Õ uGì ã½Ù�â�Ý�x}wGÝ"x Õ ×�Ü�ãµã½��Ü�ß Ô w'×�xzÜ Õ | Õ ßÞß½u�wG|�â#Â yzx{û�u G G ï2|�Ý�Ý"��u�Ý�Ü Õ | Õ wfu�ÝGÂ
��|£��u(| Õ ß Õ Ü Õ Ç Ý�×�| Õ ß½|£��ßçß u�w�|�â ÝGÂ�| Õ ßþ| Õ Ü#ï2|£y{Ü Ô Ý�u Õ Ù�| Õ wfuGï(u Õ ×�Ý*Ü£î_×�Ù�uÞÝ�x Õ Á#yzu(×�Ü�ã
ã½��Ü ß Ô w'×�xzÜ Õ �

�%� � � �! "� �F���8���  �	C#�� �P�!������� +���0� "
 � � �
� #�� � 
 � �P� � �  ����&�
Ú"Ù½uhÚ�u�Û�|£×���Ü Õ x}Ýpw Ô ����u Õ ×�y{âÞ×�Ù½uhÜ Õ y{âVã½y{|#wfuh|�Û�|�xzy}|£��yzu*×�Üµß½xz��u�wf×�y{âVÝ�u�|���w�ÙVîüÜ#�pÝ Ô ã©uG��Ç
Ý�â�ï(ï(uf×���â#Â½×�Ù½uFï(Ü#Ý�×³ã©Ü�ã Ô y{|��?u���×�u Õ Ý�xzÜ Õ ×�Ü2×�Ù½uh¹�×�| Õ ß�|£��ßRýRÜ ß uGy8�©¹�x{Á Õ |$× Ô ��u�Ý"×�Ù�|£×
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L #F2�G � ��� .<�� A 4 � +: A�N � = ( N � +: A 4 � G  AMN � = ( N � G  
ÿ³îü�/.<� ÿ½»JS »�ÿ�S »�ÿ�S »�Æ�S
»�Æ³îü�/.<� ò�S ó&S ¿�S ¾&S

* �,+��(� �%� ~ � ã©u�w'×�u�ß Ô½Õ wfuG��×�|�x Õ ×�xzu�Ý�Ü Õ ×�Ù½uvÝ�x Õ Á�y{u[×�Ü#ãFwf��Ü#Ý�Ý�Ý�u�w'×�xzÜ Õ | Õ ß*×�Ù½u�u)��×���|�w'×�u�ß
ï(u�|#Ý Ô ��uGï(u Õ ×hÜ£îIN � = ( N�îüÜ��ð×�Ù�u +µ| Õ ßþ×�Ù½u G Ý�x Õ Á�y{uØ×�Ü�ã¦w�Ù�| Õ½Õ uGy8Â�îüÜ#�ð×�ì_Ü¯ß½x10¶uG��u Õ ×
|£ï(Ü Ô½Õ ×�Ý"Ü£îSx Õ ×�uGÁ���|$×�u�ßÞy Ô ïhx Õ Ü�Ý�xz×�â��

|£��u_��u�x Õ Á*y{Ü�Ü�û#u�ß\îüÜ���|£��u,Ý�ú Ô |���û Ý5| Õ ß\Á#y Ô x Õ Ü�Ý5x Õ w�Ù�| Õ½Õ uGy}Ý5ì,xz×�Ù �6 � �£w�Ù�|���Á#x Õ Ü�Ý5| Õ ß
Õ u Ô ×���|£y{x Õ Ü#Ý�x Õ ×���xzy{uGã ×�Ü Õ å Õ |£yvÝ�×�|£×�u�Ý �üì,Ù½x}w�Ùþ�©u�wfÜ#ï(u2xzï(ã©Ü���×�| Õ ×\Ü Õ wfu(×�Ù½unÝ�ú Ô |£��û
| Õ ß�Á�y Ô x Õ Ü?ã½��Ü�ß Ô w'×�xzÜ Õ ��u�|�w�Ù½u�Ý<x.×�Ý�û�x Õ uGï2|£×�x}w�y{xzï(xz×�Ü£î � ¿£Æ#Æ��pu�ô( ���Á�| Ô Á#u�ï(u�ß x}|$×�u�ß
¹ � ¹ � x Õ �6 � � ã½Ù½Ü�×�Ü Õ u�Û�u Õ ×�Ý �S| Õ ß Ó Ç8ã�|���xz×�âøÛ�x{Ü�y}|$×�x Õ ÁRï(Ü ß u�y{Ý��-&�×�Ù½uG�hÝ�u�|£��w�Ù½u�Ý
îüÜ�� Õ uGì�ã�Ù½u Õ Ü#ï(u Õ |*x Õ wGy Ô ß½u�y{uGã ×�Ü�ú Ô |���û Ý�Â�Ù½u�|�Û�â ö�� | Õ ßn÷ � ��Ü�Ý�Ü Õ ÝGÂ�| Õ ßØu���×���|Fß xzÇ
ï(u Õ Ý�x{Ü Õ Ý��1�¯u,|£��u"|£y}Ý�ÜpyzÜ�Ü#û�x Õ Á³îüÜ��[ß u�Û�x}|$×�xzÜ Õ Ý�îü��Ü#ïù×�Ù�u,¹�×�| Õ ß½|£��ß\ýRÜ ß u�y x Õ Ý�ã�u�wfxzå�w
Ý�xzÁ Õ |$× Ô ��u�Ý�ã©uG��îüÜ���ï(x Õ Áhú Ô |�Ý�x¶ïhÜ ß u�y¶x Õ ß½uGã©u Õ ß u Õ ×"Ý�u�|���w�Ù½u�ÝGÂ�îüÜ�y{yzÜ$ì,x Õ Á\×�Ù½upï(uf×�Ù�Ü�ß�Ý
ã½x{Ü Õ u�uG��u�ßÞ��ânà�á ß Ô ��x Õ Á Ó,Ô½ÕVÖ æ ÿ£¾�è �
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Ö Ù�|�Û#uFã½��u�Ý�u Õ ×�u�ßl|Øì,x}ß u\��| Õ Á�uFÜ�îv| Õ |�yzâ Ý�u�Ý?w Ô ����u Õ ×�yzâVx Õ ã½��Ü�Á#��u�Ý�Ý?|£×�à*áð�<¹�uGÛ#uG��|£y
�©u Õ w�Ù½ï2|���ûµÝ�x{Á Õ |�y{Ý?Ù�|�Û�u*�©uGu Õ ��uGÇ8u�Ý�×�|£�½y{x}Ý�Ù½u�ß<Â�| Õ ßRÝ�Ü#ï(uFÝ�u�|£��w�Ù½u�Ý,|���u\|�yz��u�|#ß ân|�ã Ç
ã½��Ü#|#w�Ù½x Õ Á Ó,Ô½Õ Ö y{xzï(xz×�Ý�� ¸?Õ ßç×�Ù½x}Ýðx}ÝFÜ Õ y{â¯×�Ù½un�©uGÁ#x Õ�Õ x Õ Á��'�¯uV|£��un|�w�w Ô ï Ô y}|$×�x Õ Á
ï(Ü���uVy Ô ï(x Õ Ü#Ý�xz×�â�Â x{ï(ã½��Ü$Û�x Õ ÁçÜ��½È�u�w'×Øx}ß u Õ ×�x.å©wG|$×�xzÜ Õ Ý�Â | Õ ß¦ì_Ü���û�x Õ Á^×�Ü$ì_|���ß½Ý(ï(Ü#��u
uGy}|£�©Ü���|$×�u�| Õ |£y{â�Ý�x}Ý�ï(uf×�Ù½Ü ß½ÝG�P�^u³�©uGy{xzu�Û�u�×�Ù½upÚ�u�Û�|£×���Ü Õ ã�Ù�â Ý�x{w�Ý�ã½��Ü�Á#��|�ï |£× Ó,Ô�ÕØÖ�Ö
x}Ý ��x{w�ÙØ| Õ ß2ã½��Ü�ï(x}Ý�x Õ Á�Â#| Õ ß2|£��u?u Õ ×�Ù Ô Ý�x}|�Ý�×�x}w�|£�©Ü Ô ×�×�Ù½upã½Ù�â Ý�x}wGÝ�×�Ù½��Ü Ô Á�Ù(×�Ù�u³u Õ ß2Ü£î
×�Ù�uFß u�w�|�ß u#�
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Ö ìvÜ Ô y{ßµy{xzû#up×�Ü(×�Ù�| Õ ûÞï\âÞà*á wfÜ�y{y}|£�©Ü���|$×�Ü#��ÝvîüÜ#�"×�Ù½u�xz�?Ù�uGy{ãRx Õ ã½��uGã�|���x Õ Áh×�Ù�x{Ý?ß½Ü�wfÇ
Ô ï(u Õ ×����^uF×�Ù�| Õ ûµ×�Ù½uðÝ�×�|'0¶Ý³|$× ��uG��ï(xzy}|£�l| Õ ßlwfÜ#yzy}|£�©Ü���|$×�x Õ Á2x Õ Ý�×�xz× Ô ×�x{Ü Õ Ý�Â©| Õ ßl|#w'Ç
û Õ Ü$ì,y{u�ß Á#u³Ý Ô ã½ã©Ü���×_îü��Ü�ï ×�Ù½u*à�u�ã�|£��×�ï(u Õ ×,Ü�îS~ Õ uG��Á�â2| Õ ß $�|£×�x{Ü Õ |�y�¹ wfx{u Õ wGu �½Ü Ô�Õ Ç
ß½|£×�x{Ü Õ � � ¹ ¸  fÂ#tvÜ�ï(ï(x{Ý�Ý�|£��x{|£×�
|?À � ~ Õ u���Á#xzu ¸ ×�Ü�ï(x}ú Ô uv| Õ ß\t�$ Ó ¹
� Ö&Õ Ý�×�xz× Ô × $�|£×�x{Ü Õ |�y
ß u · Ù�â Ý�x{ú Ô u($ Ô wfy��u�|�xz��u�uf×�ß u · Ù�â Ý�x{ú Ô u�ß u�Ý · |£��×�x}w Ô y{u�Ý(�F�½��| Õ wGu: 'Â�ýRx Õ x{Ý�×���âØîüÜ#��¹ wfxzÇ
u Õ wfu�| Õ ßµÚ�u�w�Ù Õ Ü#yzÜ#Á�â2| Õ ßÞýRx Õ x{Ý�×���â2îüÜ#� ¸ ×�Ü�ï(x}wp~ Õ uG��Á�â � Ó,Ô Ý�Ý�x}|N fÂ�t ¸�· ~_¹¶Â�t�$ · ú
| Õ ß � ¸³· ~ Ó Q � %_��|£õGx{y  'Â½à³uGã�|���×�ïhu Õ ×�Ý,Ü�î ¸ ×�Ü�ï(x{w*~ Õ uG��Á�âØ| Õ ßR¹ wfx{u Õ wfuF| Õ ßµ~vß Ô w�|$Ç
×�x{Ü Õ � Ö&Õ ß x}|N fÂ�tvÜ�y}wfx{u Õ wGx{|#Ý �8tvÜ#yzÜ#ï\�½x}|N fÂ<t & $ ¸ tvâ Ú*��ýRu)��x}wfÜT 'Â¶ýRx Õ x{Ý�×���âVÜ£îv~vß Ô w�|$Ç
×�x{Ü Õ | Õ ß � &�¹½~
� � � Ü���u�|N fÂ©t & $ Ö t_~vÚ | Õ ß � % ¸ tvâ Ú � ¸ ��Á�u Õ ×�x Õ |N 'Â©Ú"Ù½u �½Ü Ô½Õ ß½|£Ç
×�x{Ü Õ îüÜ���� Ô½Õ ß½|�ï(u Õ ×�|�y Ó u�Ý�u�|£��w�ÙRÜ Õ ýl|£×�×�uG� ��Ú"Ù½u�$?uf×�Ù½uG��y}| Õ ß½Ý! 'Â · ·<¸³Ó t � �?Õ x.×�u�ß
� x Õ Á#ß Ü#ï  'Â£ýRx Õ x}Ý�×���âFÜ�î©~vß Ô wG|£×�x{Ü Õ �8tvõGu�w�Ù Ó uGã Ô �½yzx}w� fÂ ¸ � · ��¹�y{Ü#| Õ ��Ü Ô½Õ ß�|$×�x{Ü Õ Â£| Õ ß
×�Ù�u Ó u�Ý�u�|���w�ÙRtvÜ���ã�Ü#��|£×�x{Ü Õ

� �D�!��Í ��Ë³Ñ ��

ª��"°���	�	���%&�#/
��% !�	���%&��>$���'�\�£)\�?�é���#	��=>�C���+��,%&!�	��.>#C�������������� %&���"��+��"!#����/=�=
,�?�¦!�-�C���%v-f�

+$�&��!�� ���������[D8�#��� �}>�-�/�� C��f���\�#��
���>#�����������£� +$���*/

.0/1/�2�354141617�8:9<;>=?20@A7�80B1C:@D;FE0C141607�8:9A40=�C1@1GA7:H�C#41I1J)K#@�8AL16#=:4NM!OPM�O0Q1407)81E0C:RD;F.0/?ST6



� ��
���>$��� ��%&��/
��%�-�>��(�<	���%&! ��
���%��}�G	��_�=C�+�² ´ ��+£)�%&�=
�% -G� �?� ���

�£�"���.-�>#�*�.>#C��_�.-�>����v>��=����	�%&�
�8)\�G���h�=
�+#�.C�-�>�����+���%&�,!#	��$
������#�=>�C�%��
��� A �#�p�#��/=/=�=%����¶���,�#>�%&±��'��-�>��ð�p���[� A ��! ��	'����+$)�%��8�v���½�	�����&�'� 
��©� �$ªf�$ªF� ª'¬�¬������
�#�"°S��
 ����	�%�-£����������������+$)�%��8�v��� �	�����&�'� 
��½�©� ª�¬�¬������
¥£���é�$®_���_�.��/.���������¦���³� �_/=�G����	'�£-�>����p� 
?���,��%&���S��	'�£��+$)#%��J�v��� �������&�'� !	"½�����£ª'¬F� ª'¬�¬��$���
­�� �³�����	�©-G�$#&%('&)+* ��+$)�%��&� ��� �#�,¥�¥£ª'������¬
�$�
�£�,
����p���(-G	&���=>-#&%.'&)/*
������	'����+$)#%��#�#�102�©� ��­��(� ª'¬�¬������
�����é� ®_�1�_�=��/=������� �é� �³���_/=�f����	v-�>��h�p� 
����,��%&���S��	'� ��+$)#%���� ��� �	�����&�'�3!	"�������ª�¬(� ª'¬�¬'�$���
¬�� �³� �³��4S��>�C���%&%&��>Ø-�>��h®_� A65 �G	�% �&	�-�>��½� �S���*!����'����+$)�%�� �S���*�p��>����1
�� ���h� ª�¬�� �����
ª'�£� �?���_-��³� ��	�C#���é� ���#��-�>7�v����	�����>(-�>��h®_���(-G��%&�#�#	�-��	�_�#
�/�����+$)�%���89"���:����'���(� ª'¬�¬£ªf��;

�é� ���#��-G>7�v����	�����>h-�>��h�[� 4 �1� � 5 /=% �&	�-��3�v��
�/��#��+$)�%��	8<"�=�>½��ª�ªF� ª'¬�¬������
ª�ª��,°S�?
��34S��	���>��#%����#�?4v��®¶-G��%A@Ø-G>��B�é��®_�C�_�=��/=���ED ®©��!Þ%&�'-f	�
�+n�=>Þ�³��/
���©D 5 ���,%&�=C�>�-�/=%�� F

��+$)�%����v��� ���G��! � � ����­(� ª�¬�¬������
ªf�$�"E��3�Þ�	
v��-�±��f�H���I�����?J �,�p�S��/=/.-�� �G	�-G���=��>�K�����+$)#%��8� ��� ���L
3!½����ªf�G�����n���G�������
ª'�£�,�[�E4S��	�C���	2-G>�� �³�[�S��>$����!�-�>�-GC���%��_��+$)�%�� � ��� �[�?¥ �$� ��¥G�ê� ª�¬�¬��������?�M4S��>�
��.-�>#��� A �

�5-G��-G>������Þ�C�(-G>�C�-G>����¶-G>��n�<���_-�%&��>����_��
�/ü����+$)�%��C45¥���¬£�	�����V� ª�¬�¬������?�³�1�,�.�#��>�-N@£�=%��
��+$)�%����v��� ���,­��#����ª ������¬Ø���G���£ªf���

ª ���O�Þ�$�5-G	���>�-��£�#� A �$�S��> �[-�)$���³����� �"-G� ��	'�������p���_������%�������-�/��=��+#��!#D�!#+ ������ª��������*�������������
ªf¥$� A �������}��	v��¢#-��*!#/=��� A ���ð	���>�>�-p-�>��(�#���V��/=/=%�� ��+$)�%���� ��� ��PB
�"½� ��ª'¥�����­(��������ª'���
ª'­£�,�[�3
�	���@7#&%('&)+*=� A � DQ
�®M�C
 A D8������ª�D8����­£�
ª �$�R����4�	��#
�+#��	'����� A -G>£����%���+#��!#D���¢ �G¬�¬�� �����'�#�
ª �£�,��� A �#�*�F-G	&)R� ��! ��	&�'�#�<	��$
����'���=>�C�% ��� A >������F-�%&%v�G����ª�� ���#�
���'�h�$)����3�v	�-f�8�
ª'¬£�,����
�	S@�-G>��
D��"-��*����� A ���"�=�*��! ����/=��%v-G>��7�³���"��-�/=������+$)�%��������&�'�	8T�1>�:½� �G­��(� ª'¬�¬������
���£�O�³���_�.���#�=
��F���³-�/��=�U�v��
�/��¶��+$)�%��U89�����©�¶�µ� ª'¬�¬�¬���;�®_� �_-�>V���³-G/ü�=�¶��+$)�%��"� ��� ���V��:��

ª'��¥�����­2� ª'¬�¬�¬���;��#�&�v� �5���&�'�#��+$)#%���� ��� �	�����&�'��=�>�� ����­�¥(� ª'¬�¬�¬����
�£ª�� � ��! ��	&���G�©��+#�v�����#������� A �����£)W�v	����#!����p��
v�*�.�#��� -�>��I�?��4�	��$
�@F�'���
����	�%���°<�%�X�h�Y�?4�D

���#�#D ¬�­��������£�
���$� � ��>ð�&�5®©����-G�&	���> �S��	S@£�=>�C*C�	�����!���+$�&��!�� � �f�}>$��+��
�£� �{>�-�/�� C��f���f	��#> �$� +$���*/
���£�,®©��% ���.>#C���+#� A ��-�>���-G	��W�h�£����/½-G�5��+#� °���	��*�=/.-��\®©����-G�&	���>�� A >#�����F-�%&%(�µ��	S@£%&+���!ð�����£ª��
����� A ���"�}�G	v�=>#% ��-�>�
���+$�&��!�� � �G
���!�-�� �{>�-�/�� C��f�����5��� �N�2�5®©��>#�.>#C �f�.>��#��¢½� +$���*/
��¥$�O�Þ�3�v	���>�� �[-�/.�½�1#&%.'&)/*
��+���!�D !#+ �G��ª�ª'�£ª �£�
��­£� A �����}��	¦�=>�% ��-�>#
��ë��+��ë>�� � ����![Z$��-G	S@ �F-�%&%ê�*�'-�%&��	����*��>$� ��%&�=>�C � ��> �ç��-G��-

��+�-f�Þ	���!�	���%&��>$��%Þ-�>��6Z$���=��-�/=��>$�n��-�
�����	V�G�h�£� � �.>#
�	��'-G%&�¯�=>�/=���*�=>���%&�
�8) ���
��+é	���%&! ��
��
���\��+#�p!#����/=�=%&+����Ø	���%&�#/
�?-G�?+$�&��!�� � �������[D ���£� �{>�-G/ü� C��G���N\ �������G
���>�� ���G�����GDü��-�/]@£% ���������$��¥fD
� A ® �X
 �X
�Dü��-�/]@ � !#!#�

� �$�,®_� A ����/=±���	'���¶� A ��/=/=�.��-�>�� A ���þ�=/./=��>£��	��$
�@ ����+$)�%�� �v��� ��P^�	=���¬������£ª\� ª'¬�¬������
���£�,®5+#�[�?�þ�S��/=/.-�� �G	�-G���=��>��£��+$)�%����v���½�N�����&�'� =	
���� �£ª'�p�������£ªf��;���+$)�%����v��� �NPV
��©����ª'�������

��������ªf���

.0/1/�2�354141617�8:9<;>=?20@A7�80B1C:@D;FE0C141607�8:9A40=�C1@1GA7:H�C#41I1J)K#@�8AL16#=:4NM!OPM�O0Q1407)81E0C:RD;F.0/?ST6


